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PREFATORY  NOTE. 

The  Report  of  the  U.  S.  Coast  and  Geodotic  Survey  for  the  fiscal  year  1891  is  the 
first  one  in  which  the  text  has  been  arranged  for  publication  in  two  parts. 

Part  I  is  in  qnarto  form  and  contains  the  historical  portion.  It  states  progress  in 
field  and  o£Sce  work,  gives  estimates  for  future  progress,  and  a  report  of  expendi- 
tures during  the  fiscal  year.  It  is  accompanied  by  maps  of  general  progress  and  by 
progress  sketches  more  in  detail. 

Part  Ily  it  will  be  observed,  is  in  octavo,  and  includes  the  professional  papers 
relating  to  the  methods,  discussions,  and  results  of  the  Survey  which  have  been 
approved  for  pnblicatipn  during  the  year.  Such  illustrations  as  are  needed  accom- 
pany them. 

The  octavo  form  is  more  convenient  and  suitable  for  the  scientific  and  professional 
papers,  while  the  quarto  form  appears  to  be  demanded  for  the  statistical  matter  and 
the  progress  sketclies.  Since  the  latter  are  of  less  general  interest  than  the  former, 
in  the  future  distribution  of  the  Report  Part  II  only  will  be  sent,  as  it  is  believed 
that  this  will  include  all  that  is  generally  desired  and  in  a  much  more  compact  and 
convenient  form  than  that  of  the  old  quarto. 

In  special  cases,  where  both  parts  are  desirable,  they  will  be  sent. 

T.  C.  Mendenhall, 

Superintendent. 
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APPENDIX  NO.  1—1891. 


APPROXIMATE  TIMES  OF  CULMINATIONS  AND  ELONGATIONS  AND  THfi 
AZIMUTHS  AT  ELONGATION  OF  POLARIS  FOR  THE  YEARS  BETWEEN 
1889  AND  1910. 


Submitted  for  publication  as  a  Bulletin  Noveuxber  21,  1889,  by  Charles  A.  Schott^ 
Assistant,  and  Chief  of  the  Computing  Division,  and  tirst  published 

February  18,  1890.  • 


These  tables  of  the  times  of  culmination  and  of  elongation  of  the 
Pole  star  and  of  its  azimuth  at  elongation,  for  any  time  between  the 
years  1889  and  1910  and  for  any  place  within  the  United  States  between 
latitudes  25°  and  50°  north,  are  designed  for  the  use  of  the  surveyor, 
to  facilitate  the  determination  of  a  meridian  line  and  of  the  magnetic 
declination  (variation  of  compass)  by  simple  instrumental  means  and 
by  a  method  easy  of  application.  For  this  purpose  the  tables  aftbrd 
sufficient  accuracy.  They  will  also  be  found  useful  when  preparing 
for  or  laying  out  work  for  a  more  refined  determination  of  the  astro- 
nomical azimuth  as  well  as  for  the  measure  of  the  value  of  an  eye- 
piece micrometer. 

*  Since  these  tables  will  be  serviceable  for  their  purpose  until  the  year  1910,  it  has 
been  deemed  desirable  to  republish  them  in  this  annual  report. 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


Local  mean  {astronomical*)  time  of  the  culminations  and  ehngatiom  of 

Polaris  in  the  year  1889. 

[Oompated  for  latitade  -f  iCK*  and  longitude  6^  west  from  Greenwich.] 


Date. 

East  elong'n. 

U|>per 
culm'n. 

West  elong*n. 

Lower 
culm'n. 

1889. 

A. 

m. 

A. 

fft. 

A. 

m. 

A. 

m. 

Jan. 

I 

0 

36*  2 

6 
5 

310 

357 

12 
II 

257 
304 

18 

29*  I 
33-8 

23 

370 

Feb* 

i    32 

39-9 

4 

286 

10 

233 

16 

267 

2t 

34'6 

3 

333 

9 

281 

15 

3>'4 

Mar. 

20 

39*4 

2 

38" 

8 

328 

14 

362 

19 

44*4 

I 

43» 

7 

377 

13 

411 

Apr. 

!    18 
17 

374 
424 

0 

360 

6 

5 

30-7 
357 

12 
II 

341 
390 

^3 

ST  I 

May 

16 

395 

22 

34-2 

4- 

329 

10 

361 

15 

446 

.21 

393 

3 

380 

9 

41*2 

June 

14 

37-9 

20 

327 

2 

313 

8 

34-6 

13 

430 

19 

37-8 

I 

36-4 

7 

397 

July 

12 
II 

404 
45-5 

18 
t7 

35*2 
403 

0 

33-8 

6 
5 

371 
42*2 

23 

350 

Aug. 

10 

39.0 

16 

33-8 

22 

284 

4 

357 

9 

441 

15 

389 

21 

335 

3 

408 

Sept. 

8 

375 

14 

323 

20 

26-9 

2 

34*2 

7 

42*6 

13 

374 

19 

320 

I 

39*3 

Oct. 

6 
5 

397 
447 

12 
II 

345 

395 

18 
17 

29-1 
341 

0 

364 

23 

37-6 

Nov. 

4 

37*9 

10 

327 

16 

273 

22 

308 

3 

427 

9 

37S 

15 

322 

21 

35-6 

Dec. 

2 

397 

8 

34*5 

"4 

29*2 

20 

326 

IS 

I 

44*4 

7 

39*2 

13 

34-0 

19 

373 

It  will  be  noticed  that  for  the  tabular  year  two  eastern  elongations 
occur  on  January  10  and  two  western  elongations  on  July  9;  there  are 
also  two  culminations  on  April  10  and  on  October  10. 

The  lower  culmination  either  follows  or  precedes  the  upper  culmina- 
tion by  ll**  58™  -1. 

For  other  dates  and  positions  than  those  implied  by  the  table  we 
need  to  apply  the  following  corrections: 

To  refer  the  tabular  times  to  any  year  subsequent  to  the  tabular 
year  (1889)  add  0»"  '33  for  every  additional  year. 

To  refer  the  tabular  times,  corrected  as  above,  to  any  year  in  a 
quadriennium,  observe  that  for  first  year  after  a  leap-year  the  table  is 
correct ;  for  second  year  after  a  leap-year,  add  0"»  '9  to  the  tabular 
value;  for  third  year  after  a  leap-year  add  1™  •?  to  the  tabular  value; 
for  leap-year  before  March  1,  add  2"'  -G  to  the  tabular  value;  for  leap- 
year /rom  and  after  March  1  subtract  1'"  -2  from  the  tabular  value. 

To  refer  to  any  calendar  day  other  than  the  first  and  fift^'enth  of  each 
month,  subtract  3"  -94  for  every  day  between  it  and  the  preceding 


*  Counted  from  noou  aud  from  zero  to  twenty-four  hours. 
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Approximate  times  of  ouhmnaUouH  and  elongations  of  Polaris^  etc. — Cou- 

ti  lined. 

tabular  day,  or  add  3"  •94  lor  every  day  between  it  and  the  succeeding 
tabular  day.  The  longitude  correction  will  amount  to  O"*  '16  subtract- 
ive  for  each  hour  west  of  G''. 

To  refer  to  any  otlier  than  the  tabular  latitude  between  tlie  limits 
of  250  and  50^  north,  add  to  tlie  time  of  west  elongation  0'" '13  for 
every  degree  south  of  40'^,  and  subtract  from  tlie  time  of  west  elon- 
gation 0*"  '18  for  every  degree  north  of  ^)^\  reverse  these  signs  for 
corrections  to  times  of  east  elongation. 

It  will  be  important  t^o  direct  attention  to  the  fact  that  the  year  19(K) 
is  iiot  a  leap-year,  and  this  must  be  kei»t  in  view  when  dealing  with 
dates  from  and  after  March  1  of  that  year.  The  twentieth  centui'y 
begins  after  the  expiration  of  D(»cember  31,  1900. 

The  deduced  tabular  times  may  generally  be  depended  upon^  with  no 
greater  error  than  +  0'"  -3. 
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I. — Azimuths  of  Polaris  when  at  elongation  for  any  year  between 


Lat. 

1890-0 

18910 

18920 

1893-0 

18940 

1 895-0 

18960 

1897-0 

1898-0 

1899-0 

1900*0 

o 

0      / 

0      / 

0        / 

0      / 

0     / 

0     / 

0     / 

0      / 

0     / 

0     / 

0      / 

+25 

I  24-6 

I  243 

I  239 

I  236 

I  232 

I  22*9 

I  22-6 

I  22-2 

I  21*9 

I  21*5 

I  21-2 

26 

253 

250 

24-6 

24-3 

239 

23-6 

232 

22*9 

22*5 

22*2 

21-8 

27 

26-0 

257 

254 

25-1 

247 

243 

24-0 

23-6 

233 

22*9 

22"5 

28 

26-8 

26-5 

26-2 

258 

254 

25-1 

247 

244 

240 

237 

233 

29 

276 

27-3 

270 

26-6 

263 

25-9 

25-5 

25-2 

2^8 

24-5 

24*1 

30 

285 

282 

27-8 

275 

27-1 

268 

26-4 

26-0 

257 

253 

249 

31 

294 

29*1 

28-8 

284 

28-0 

27-6 

273 

26-9 

265 

26*2 

25-8 

32 

304 

30-1 

2Q7 

293 

29-0 

286 

28-2 

278 

27-5 

27-1 

267 

33 

31-4 

311 

307 

303 

300 

296 

29-2 

288 

28-5 

28-1 

27-7 

34 

325 

321 

3"-8 

314 

310 

306 

303 

299 

29-5 

29*1 

287 

35 

33-6 

33-2 

329 

325 

32-1 

317 

31-3 

310 

30-6 

302 

29-8 

36 

34-8 

34-4 

340 

33-6 

33*2 

329 

325 

32- 1 

3«7 

31-3 

309 

37 

360 

35*6 

35-2 

34-8 

34-5 

341 

337 

zy:^ 

329 

325 

32-1 

38 

37-3 

369 

365 

36-1 

357 

353 

349 

34*5 

341 

337 

333 

39 

387 

383 

379 

375 

37I- 

367 

363 

359 

35-5 

351 

347 

40 

40- 1 

397 

39*3 

38-9 

385 

381 

377 

37*3 

368 

364 

36-0 

41 

41-6 

41-2 

408 

40-4 

400 

396 

39*2 

388 

Z^Z 

37*9 

37-5 

42 

432 

42-8 

424 

420 

41-5 

41-1 

407 

403 

39-8 

39-4 

390 

43 

44*9 

44-4 

440 

43-6 

43*2 

427 

423 

419 

415 

41-0 

40-6 

44 

466 

46-2 

45-8 

45*3 

449 

44*4 

440 

43*6 

431 

427 

423 

45 

485 

48-1 

47-6 

47-1 

467 

46*2 

45-8 

45  4 

44'9 

44*5, 

.    44-0 

46 

505 

50-0 

49*5 

490 

486 

482 

477 

47*3 

468 

464 

45  9 

47 

525 

520 

515 

510 

506 

50-2 

497 

49*3 

48-8 

48-3 

479 

48 

54-6 

54-2 

537 

53*2 

528 

523 

51-9 

■  5«-4 

50-9 

504 

49-9 

49 

569 

565 

560 

55*5 

550 

54-5 

.54-1 

53-6 

531 

52-6 

52.1 

SO 

I  593 

1 588 

1584 

157-9 

1  57*4 

I  56-9 

IS6-4 

155*9 

1554 

»54'9 

154*5 

REPORT   FOR   1891 — PART   H. 

1889  ami  1910,  and/or  any  latitude  between  ■\-2rp  and  +50°. 
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1901*0 

1902*0 

19030 

1904*0 

1905*0 

1906*0 

1907*0 

1908*0 

1909*0 

1910*0 

I^t. 

0      / 

0     / 

0     / 

0      / 

0      / 

0      / 

0      / 

0      / 

0      / 

0      / 

0 

I  20-8 

I  205 

I  201 

I  19*8 

I  19-4 

I  191 

I  187 

I  i8*4 

I  i8-i 

I  177 

+25 

215 

21*1 

20-8 

205 

201 

198 

194 

191 

187 

i8*4 

26 

22*2 

21*9 

215 

21*2 

20-8 

205 

20-I 

19-8 

19*4 

19*1 

27 

230 

22-6 

22*2 

21*9 

21-6 

21*3 

20*9 

20*5 

20-1 

1.9-8 

28 

23-8 

234 

230 

22*7 

22*4 

221 

21*7 

21*3 

20*9 

205 

29 

24*6 

24*2 

239 

235 

23*1 

22*8 

22*4 

22-1 

21*7 

21*3 

30 

25-5 

2S*I 

247 

24*4 

240 

236 

232 

22'9 

22-5 

22*2 

31 

26*4 

26*0 

256 

25-3 

249 

245 

24*1 

238 

234 

23-1 

32 

273 

27*0 

266 

26*2 

25*9 

255 

251 

247 

243 

240 

33 

284 

280 

27*6 

27*2 

269 

265 

26*1 

257 

253 

250 

34 

29*4 

29*0 

28*7 

283 

279 

27*5 

27*1 

268 

26*4 

26*0 

35 

30s 

30*1 

298 

294 

29-0 

28*6 

282 

279 

27-5 

27*1 

36 

317 

313 

309 

305 

301 

297 

293 

29-0 

286 

282 

37 

330 

326 

322 

318 

3«-4 

310 

306 

30-2 

298 

294 

3ii 

343 

33*9 

335 

33* 

327 

323 

318 

3"-4 

310 

306 

39 

35-6 

35-2 

34-8 

344 

340 

33'^ 

33*2 

328 

324 

320 

40 

371 

367 

362 

358 

354 

350 

34-6 

34-2 

33-8 

33*4 

41 

386 

38-2 

377 

373 

369 

365 

360 

356 

35'2 

34-8 

42 

40*2 

39-8 

39*3 

389 

385 

381 

37-6 

37*2 

368 

363 

43 

41-8 

41-4 

41*0 

405 

40- 1 

397 

39*2 

388 

384 

379 

44 

43*6 

43*2 

427 

423 

41*8 

41*4 

40*9 

405 

40*1 

396 

45 

455 

450 

44*6 

44*2 

437 

43-2 

427 

423 

41*9 

41*4 

46 

474 

469 

46-5 

460 

456 

45-1 

44*6 

44*2 

437 

43*3 

47 

495 

490 

486 

481 

477 

47*2 

46*7 

463 

45*8 

45*3 

48 

51*7 

51-2 

507 

50-2 

49-8. 

49*3 

488 

48*4 

479 

47  4 

49 

I  54*0 

153-5 

I  53*0 

152*5 

1  520 

151*5 

I  51*0 

I  506 

I  50-1 

I  49*6 

SO 
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Tlie  precediDg  table  is  computed  with  the  mean  deeliiiation  of  Polaris 
for  each  year;  a  closer  result  will  be  obtained  by  applying  to  the  tab- 
ular values  the  following  correction,  which  depends  on  the  difference 
of  the  mean' and  the  apparent  place  of  the  star: 


For  middle 
of— 

Lat.  250. 

Lat.  40°. 

Lat.  50®. 

For  middle 
of— 

Lat.  25®. 

Lat.  40®. 

Lat.  50°. 

January 

1 
—  03 

—  04 

—  04 

July 

1 

-fO-2 

+  03 

+  03 

February 

—  03 

-03 

~o-4 

August 

-f-o-i 

-f-OI 

-f-  0-2 

March 

—  01 

—  02 

—  0-2 

September 

o-o 

—  01 

—  o-i 

April 

o*o 

00 

00 

October 

—  0-2 

—  0-3 

—  0-3 

May 

-|-0-2 

-f  0'2 

-)-0*2 

November 

—  05 

—  06 

-07 

June 

-f  0'2 

4- 03 

+  o*3 

December 

—  0-6 

0-8 

—  0-9 

Tlie  deduced  tabular  azimuth  (counted  from  the  north)  may  gen- 
erally be  depended  upon  with  no  greater  error  than  ±  0''2. 

In  computing  the  tables,  the  mean  places  of  Polaris  were  first  accu- 
rately deduced  from  Newcomb's  Catalogue  of  1098  standard  clock  and 
zodiacal  stars^  Washington,  1881  (t),  for  five  equidistant  epochs^  viz: 


> 

a 

S 

h.     m.        s. 

0 

1 

n 

1890 

I       18     3113 

88 

43 

1839 

1895 

20     3008 

44 

5268 

1900 

22     3376  • 

46 

2666 

1905 

24    42-48 

4« 

00-31 

I9I0 

26     5658 

49 

33*6i 

From  these  derived  fundamental  places  those  for  each  year  were 
readily  found  by  interpolation  to  third  differences. 

Among  the  simple  methods  for  tracing  out  on  the  ground  a  true 
north  and  south  line,  and  one  demanding  only  a  very  slender  instru- 
mental outfit,  is  that  given  in  Lalande's  Astronomic  and  used  by 
Andrew  Ellicott  in  his  boundary  survey  in  1785,  and  again  recom- 
mended in  the  present  century   by  Dr.  Charles  Davies.*     It  con- 


*  For  reference  and  practical  hints  to  the  surveyor,  see  "  Davles's  Surveying/'  Van 
Auiriuge's  edition  of  1883,  or  the  last  edition  of  W.  M.  Gillespie's  "  Treatise  on 
Land  Surveying;"  also  instructions  by  the  General  Land  Office  to  surveyors-gen- 
eral. [Note. — One  of  Ellicott's  original  notebooks,  containing  reference  to  the 
method,  was  inspected  by  the  writer  February  25,  1890.  Ellicott  remarks:  "We 
learn  from  De  la  Land  that  the  star  e  Ursa",  Majoris  passed  the  meridian  with  the 
Pole  star  in  July,  1751,  and  that  it  gained  of  the  said  Pole  star  V  13"  30"'  of  time  in 
t^u  years." — Note  added  September  19, 139^2.]  The  problem  involved  is  readily  solved 
by  first  considering  the  spherical  triangle,  ))ole,  Polaris,  and  second  star,  in  which 
is  given  the  angle  at  the  pole  or  the  difference  of  right  ascensions  of  the  stars  and 
their  polar  distances,  whence  we  deduce  the  angles  at  the  stars.  The  condition 
of  verticality  demands  that  one  or  the  other  of  these  angles  (according  as  we  deal 
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Azimuths  of  Polaris  when  at  elongation^  etc. — Continnod. 

sists  in  watching  for  the  time  when  Polaris  and  a  given  bright  star 
come  to  the  same  vertical,  and  then,  after  a  short  lapse  of  time,  given 
in  a  table,  Polaris  will  be  found  exactly  on  the  meridian,  and  hence 
can  be  referred  to  the  horizon  or  to  a  mark  placed  there. 

The  verticality  may  be  ascertained  by  a  i)lumb  lino  or  by  the  vertical 
thread  of  a  transit  instrument;  the  method  demands  neither  a  gradu- 
ated circle,  nor  a  chronometer,  nor  an  exact  knowledge  of  the  local 
time,  an  ordinary  watch  being  sufficient  to  measure  the  short  tabuhir 
interval. 

Early  in  the  present  century  the  star  Alioth  (e  Ursfe  Majoris)  was 
favorably  situated  for  use  of  the  method;  however,  in  1850  the  interval 
between  times  of  verticality  and  of  culmination  already  amounted  to 
17  minutes,  which  interval  J  t  now  ( 1890)  has  grown  to  27'"*8  for  Lower 
Culmination  and  to  28"'8  for  Upper  Culmination;  hence  this  star  is 
no  longer  suitable,  and  C  Ursfc  Majoris  or  d  Cassiopeie  shoiUd  now  be 
substitute  for  it,  both  being  in  very  favorable  jMJsitions.  C  Urs?e 
Majoris  or  Mizar  is  the  middle  one  of  the  three  stars  in  the  tail  of  the 
Great  Bear,  and  S  Cassiopeie  is  at  the  bottom  of  flie  first  stroke  of  the 
W  as  frequently  imagined  to  connect  roughly  the  fivQ  brightest  stars 
of  this  constellation.  At  present  the  Pole  star  culminates  not  quite 
one  minute  before  it  comes  to  the  same  vertical  circle  with  C  Ursje 
Majoris,  a  fact  indicated  by  a  negative  sign  of  J  t;  but  the  two  stars 
will  culminate  together  two  and  a  half  years  from  now,  with  an  annual 
increase  of  the  interval  of  0"''35. 

We  have,  with  sufficient  accuracy,  for  any  latitude  in  the  United 
St>ate«  between,  say,  <p  =  24^  and  49^,  and  for  either  the  Upper  or  the 
Lower  Culmination  of  these  bright  stars,  the  value  of  J  t,  as  follows: 

For  C  Urs*  Majoris  in  1890        -  0-9  j  ^^^^^j  j„^^^^^  q,„,^^ 
For  8  Cassiopea       in  1890        +  0-1  j  ^^^^^  ^^^^^  ^-SS. 

In  the  higher  latitudes,  the  Lower  Culmination  is  preferable  to  the 
Upper,  but  in  all  cases  special  attention  is  to  be  paid  to  the  adjustment 
of  the  viertical  thread  of  the  telescope  and  to  the  horizontahty  of  its 
transverse  axis,  which  is  best  done  by  sighting  up  and  down  a  tine 
thread  or  wire  from  which  a  plummet  is  freely  suspended. 


with  Upper  or  Lower  Calmination)  when  sabtraoted  from  n  should  be  a  given 
angle  m  a  second  spherical  triangle  formed  by  the  zenith,  the  pole,  and  one  of 
the  two  stars,  in  which  there  is  also  known  the  co-latitude  and  the  polar  distance; 
Bolving  it|  we  get  the  hour  angle  of  Polaris. 


APPENDIX    NO.    2—1891. 


ON  THE  DETERMINATION  OF  AN  AZIMUTH  FROM  MICROMETRIC 
OBSERVATIONS  OF  A  CLOSE  CIRCUMPOLAR  STAR  NEAR  ELONGATION 
BY  MEANS  OF  A  MERIDIAN  TRANSIT,*' OR  BY  MEANS  OF  A  THEOD- 
OLITE   WITH  EYE-PIECE   MICROMETER. 


Submitted  for  publication  as  a  Bulletin  December  12,  1890,  and  first  published 

P>brnary26,  1801. t 
Report  on  method  and  example  of  computation  l»y  Charlks  A.  Schott,  Assistant, 

and  Chief  of  the  Computing  Division. 
Observations  by  A.  T.  Mosman,  Assistant. 


This  method  is  capable  of  great  a<!CuTacy  of  result,  but  demands  that 
an  elongation  mark  be  set  up  in  the  direction  of  a  vertical  plane  pass- 
ing through  a  close  circumpolar  star  when  near  elongation,  and  that  an 
instrument,  with  an  eyepiece  micrometer,  be  available  to  measure 
micrometrically  the  angle  between  the  vertical  planes  pasning  through 
the  mark  and  star.  Polaris  is  generally  selected  for  this  purpose,  and 
even  two  elongation  marks,  one  east  and  the  other  west  of  the  meridian, 
may  be  set  up  for  a  double  determination  of  the  azimuth,  in  which  case 
any  small  error  in  the  star's  declination  as  well  as  in  the  time  and  lati- 
tude of  the  place  will  be  eliminated.  It  will  be  advantageous  to  locate 
the  mark  nearly  in  the  direction  of  elongation  so  as  to  make  the  sum 
of  the  plus  and  minus  micrometer  measures  balance  as  near  as  may  be; 
the  distance  of  the  mark  should  be  great  enough  not  to  require  the 
sidereal  focal  adjustment  of  the  telescope  to  be  changed  when  pointing 
to  it,  and  the  appearance  of  the  artificial  light  in  size  and  intensity 
should  resemble  that  of  the  star  as  nearly  as  possible.  Before  com- 
mencing observations  the  rotation  axis  of  the  telescope  should  be 

•Davidson's  Meridian  and  Equal  Altitude  Instrument  (now  pjencrally  known  on 
the  Survey  aa  the  Meridian  Transit)  is  especially  well  adapted  for  this  apxilication. 
It  is  described  and  figured  in  Api^endix  No.  8,  Coast  Survey  Report  for  1867  (Plato 
No.  28) ;  it  is  also  shown  on  Plate  No.  64,  Appendix  No.  14,  Coast  and  Geodetic  Sur- 
vey Report  for  1880.  As  used  on  the  Survey  it  is  made  in  two  sizes;  its  principal 
characteristics  are  the  split  or  double  base  frame,  and  the  folding  Y's,  which  give 
great  portability  to  the  instrument. 

t  The  republication  of  this  paper  in  its  j>re8cnt  form  is  owing  to  its  permanent 
▼alae  as  an  exposition  of  one  of  the  methods  of  the  Survey. 
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leveled,  the  collimatioii  of  the  tele8coi>e  adjusted,  and  the  two  parallel 
vertical  micrometer  threads  or  lines  adjusted  to  focus,  and  set  truly 
vertical.  To  secure  the  horizontality  of  the  axis  either  a  spirit  level  is 
used  or  the  star  is  observed  alternately  direct  and  reflected  in  mercury. 

Though  the  method  was  understood  and  actually  put  in  practice  on 
the  Survey  as  early  as  1844,  it  does  not  appear  to  have  come  into  gen- 
eral use,  and  Assistant  Mosman  devised  it  independently  in  Septem- 
ber, 1880.  It  is  not  specially  mentioned  in  the  collection  of  azimuthal 
methoils  given  in  Ai>pendix  No.  14,  Coast  and  Geodetic  Survey  lleport 
for  1880.  This  limited  use  of  the  method  may  have  been  due  to  unfa- 
vorable conditions  for  locating  the  mark.  The  present  account  of  it  has 
been  written  with  the  view  of  bringing  it  anew  to  the  attention  of  the 
observer.  It  may  be  remarked  that  the  use  of  a  collimator  in  the  place 
of  the  niaik  was  tried  at  an  early  time  of  the  Survey  (in  1844),  and 
again  later  (in  1870),  with  an  improved  collimator,  but  its  use  never 
gave  satisfaction,  and  its  instability,  on  mountain  tops  especially,  was 
plainly  apparent. 

The  value  of  one  turn  of  the  micrometer  may  be  determined,  as  usual, 
by  observing  the  transits  of  a  culminating  star  over  the  movable  mi 
crometer  thread  set  ahead  of  the  star  successively  by  a  small  fraction 
of  a  turn  only.  As  but  a  limited  part  of  a  tuni  is  ever  used  by  this 
method  we  need  only  the  value  of  that  part  of  the  screw  actually  used 
in  the  observations  for  azimuth.  Let  A  ^  or  t=: the  observed  interval 
of  time,  in  seconds,  corresponding  to  one  turn  and  ^=the  star's  declina- 
tion;  then  considering  the  small  range  for  which  the  micrometer  is 
needed,  we  have,  with  sufficient  accuracy,  I  turn  =  15  t  cos  S  ,  ex- 
pressed in  seconds  of  arc.  Attention  should  be  paid  to  the  transit 
level,  which  should  not  change  during  the  observations,  or  else  is  to 
be  corrected  for  change;  also  a  correction  for  rate  of  chronometer  on 
sidereal  time  may  be  needed. 

We  have  the  hour  angle  t^  and  the  azimuth  (counted  from  the  north) 
Ae  at  elongation,  by 

cos  fe  =  tan  ^  cot  d       and        sin  A^  =  sec  ^  cos  9 

( W 
and  the  chronometer  time  for <  ^    elongation  =  a ^t^  +  chronometer 

correction  to  sidereal  time,  +  when  <    ?  ^  of  sidereal  time 

where  <p  =  latitude  of  the  place  and  a  and  d  the  apparent  right  ascen- 
sion and  declination  of  the  star  at  the  time  of  elongation.  For  this 
time  we  have  also  the  zenith  distance  from 

cos  C  =  sin  ^  cosec  d 

We  find  first  the  angle  between  the  mark  and  the  line  of  coUimation, 
the  reading  of  the  latter  being  known  after  inversion  of  telescope  on 
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On  the  dcierminaiion  of  an  azimuth  from  micromctric  observations  of  a 

close  circumjoolar  star^  etc, — Continued. 

the  mark;  next  we  measure  micromctrically  the  angle  between  the  ver- 
tical plane  through  the  line  of  collimation  and  the  stor  (Polaris  usually) ; 
to  reduce  the  latter  measure  to  the  plane  of  the  horizon  let  A  =  the 
angular  difference  in  divisions  of  the  micrometer  and  n  =  the  value  of 
one  division  in  seconds  of  arc;  then  the  angle  in  question  referred  to 
the  horizon  becomes  n  A  cosec  C.  The  algebraic  sum  of  these  two 
angles  gives  the  aziiiiuthal  difference  between  the  mark  and  star. 
The  correction  for  deviation  of  level  's 

-  T  (/r  +  ic^)  —  (e  +  e*)\  sin  //  sec  ^ 

where  d  =  value  of  one  division  of  level  in  seconds  of  Arc,  ?r  and  eXhe 
readings  of  the  west  and  east  ends  of  the  bubble  before,  and  w'  and  e' 
similar  readings  after  inversion  of  the  telescope;  for  the  factor 
sin  h  sec  ^  we  may  substitute  its  approximate  value  t^in  <p. 

When  a  number  of  micrometer  measures  of  the  star  near  elongation 
are  made  they  may  be  approximately  reduced  to  the  elongation  by 
means  of  the  simple  formula 

2  sin  *i  T  tan  Ae/Vin  1" 

where  T  =  t^  —  t  or  the  difference  between  the  chronometer  time  of 
elongation  and  the  time  of  observation.  For  Polaris  this  expression 
will  answer  with  sufficient  ai;curacy  for  the  limit  r  =  15  or  20  mijiutes, 
and  roughly  even  for  half  an  hour  before  or  after  elongation.  A  far 
more  rigorous  formula  was  developed  in  1855  by  Mr.  James  Main,  Ibr- 
merly  a  member  of  the  Computing  Division  ;*  it  is  as  follows: 

Ae  —  A  =  sin  A,  cos  A©  cosec*  t^  ~. — ^17-  (1+  ^*^^t  ^«»  ^in  r) 

where  the  result  is  expressed  in  seconds  of  arc;  this  formula  will  give 
results  true  within  0"  '05  for  V'  30*°  from  elongation  for  latitude  ^0^ 
north.    The  rough  expression 

(2  sin*  i  T  /  sin  1")  tan  A^ 
as  well  as  the  better  expression 

sin  ( Ae  —  A)  =  tan  A^  sin*  /5  2  sin*  A  r 

given  in  C.  L.  Doolittlc's  Practical  Astronomy  (Xew  York,  1885),  how- 
ever, take  no  notice  of  the  inequality  in  the  azimuthal  cQcct  foi*  the 
»:>ame  value  of  r  before  and  after  elongation.  The  most  convenient  and 
accurate  form  may  be  given  as  follows: 

2  sin*  i  r 
Ae  —  A  =  tan  Ao  sin*  o  "^  .    -",-  (1  +  cot  t,,  sin  r) 

sin  -I 


*  Between  Novcuibcr,  1851,  and  March,  1881. 
U.  Ex.  43,  pt.  2—2 
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The  values  of  log.  (2  sin'  J  t  /  sin  1")  are  found  tabulated  in  many 
works*  on  Practical  Astronomy  and  Geodesy,  e,  g.y  in  Chauvenet's 
Manual  on  Spherical  and  Pra<!tical  Astronomy,  Volume  ii,  where  they 
are  given  up  to  half  an  hour.  Tables  of  greater  extent  up  to  1**  40™ 
will  be  found  in  Dr.  T.  Albrecht's  collection  of  formuhe  and  tables.*  It 
is  important  to  note  that  oot  t^  sin  r  changes  sign  ac<;ording  to  the 
observed  time  being  before  or  after  elongation,  viz: 

;  j^  ^  j  Ijfore   ^  ^„^    I  ^a(to    ^  Elongation. 

The  effect  of  this  term  may  be  seen  in  the  following  short  table,  which 

refers  to  ^p  =  38°  38''5,  and  to  observations  of  Polaris,  September  14, 

1885: 

•  Reduction  to  Eastern  Elon{fation  for — 


Before 

After 

r 

elongation. 

elongation. 
// 

// 

15™ 

12-85 

12-88 

20 

2283 

22-90 

«S 

3565 

3579 

30 

5129 

5153 

45 

11506 

115*88 

60 

203-81 

20574 

75 

3  "707 

320-80 

The  mean  of  the  several  measures  reduced  to  elongation  when  alge- 
braically combined  with  the  angle,  mark  and  star,  will  give  the 
azimuthal  angle  ^^^  A  between  star  and  elongation,  and  consequently  the 
azimuth  of  the  mark  =  Ae  ±  A  A. 

The  sign  of  A  A  will  depend  on  the  relative  position  of  the  mark  and 
the  vertical  plane  through  the  star  supposed  at  east  or  west  elongation, 
as  the  case  may  be;  a  rough  diagram  or  projection  of  the  hemisphere 
uiK)n  the  plane  of  the  horizon  may  be  useful. 


To(ii.)t 


EXAMPLE  OF  RECORD  AND  REDUCTION. 


q,  =  38«  38'  30''  -3 

Sept.  14,  1885,  4th  set. 

A.  T.  M.,  Observer. 

Polaris  near  Eastern  Elongation. 


Station  Gould,  Ohio  (occupied  eccentrically). 

A  =  82°  49'  55^^-8  W. 

[Instrument,  the  Meridian  Telescope,  No.  7 ;  value 
of  one  division  (loo  d-=i  turn)  of  eyepiece 
micrometer  o''783o,  and  of  one  division  of 
transit  level  I '''40 


f(J=  +  88<»4i'45''-3  f.  _ 
^  a=  i«»  i8»  05.1  \'r~ 
l?=      51020^47^'        I 


—   5**  55"  49"  7  and  A  To  =  — o»»  oi«  35* -8 

19    20     39  '6  and      A«=      i®  40^  ic/^gj  E.  of  N. 


*Formolii  und  Hiilfstafeln  fUr  geographiscbe  Ortsbestimmungen,  etc.,  von  Dr. 
Theod.  Albrecht;  Leipzig,  1873;  see  also  ''Nautisohe  Tafeln/'  Pola,  1885. 
t  See  arrangement  of  App.  No.  14,  Rep.  for  1880. 
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On  the  determination  of  an  azimuth  from  mivrometric  observations  of  a 

dose  circumpolar  star,  etc, — Continued. 


I^vel. 

Time  by  sid. 
chron'r  B. 

387. 

Time  from 
elongation. 

> 
Reduction  to 

elongation. 

Pos'n 
of  tele- 
scope. 

Micrometer  reads — 

On  mark. 

On  star. 

W.    E. 

E. 

/.     d. 

15  365 
36-0 

355 
36-0 

365 

Mean  15  36-1 

//.       d. 

A.  m,      s. 

W.       J. 

// 

/.     d. 

23  o  29-0 

30-2   22-0 

298   23-0 
22-3  30  5 

>9  34  405 
35  27s 

35  495 

36  09-0 

36  350 

19  40  40-0 

40  585 

41  150 
41  306 
41  48-2 

14  oo'9 

14  479 

15  099 

15  294 
«5  55-4 

20  00-4 
20  189 

20  35  4 

20  51-0 

21  o8-6 

11-25 
12-54 
>3i7 

>374 
14-52 

22-92 
23-63 
24-27 
2489 
25 '60 

E. 
W. 

w. 

15  490 
49-0 
50-0 
490 
480 

15  36-0 
36-0 

370 
37-5 
390 

Mean  15  37-1 

15  365 
36*0 

355 
340 
340 

Mean  1865 

Mean  15  35-2 

Mean  15  490 

Telescope  east,  mark. 
Telescope  west,  mark. 
ColHmation  reads. 
Mark  cast  of  collimation. 
Telescope  east,  collimation --star. 


Telescope  west,  star — collimation. 


t. 
15-3610 
15-4900 

'5-42S5 
•0645 

-f  "5-4255 
-15-3710 

4-   00545 

-  15-4255 
-I-  153520 


+  y'os 


-  0-0735 

Star  east  of  collimation  ^3  (5''  -45   -  7''  35)  X  1003 1 "-  —   0^^*95 


Star  east  of  mark. 
Reduction  to  east  elongation. 

1*4 
Correction  for  level  =.   »  (105-3    --  104-5)  X  080 

Star  at  cast  elongation,  east  of  mark. 
A«  at  east  elongation. 
Mark  east  of  north. 


4- 


6'oo 
1865 

O'll 


_i-  12^^-76 
I**  40'  10-97 
I    39    58-21 


To  which  the  correction  for  diuinal  aberration  or  -\-  o^^'3i  is  yet  to  be  applied. 


C.  A.  S. 


t  Where  1-003  =  0783  coBec.  51^'  20'  47" 


APPENDIX  NO.  3—1891. 


TUB  SECULAR  VARIATION  AND  ANNUAL  CHANCiE  OF  THE  MAGNETIC 
FORCE  AT  STATIONS  OCCUPIED  BY  E.  D.  PKKSTON,  ASSISTANT  U.  S. 
COAST  AND  GEODETIC  SURVEY,  IN  CONNECTION  WITH  THE  U.  S. 
ECUPSE  EXPEDITION  TO  THE  WEST  COAST  OF  AFRICA,  IN  l889-'90, 
IN  CHARGE  OF  PROF.  D.  P.  TODD. 


Discussion  and  report  by  C.  A.  Schoit,  a»8iHtant,  and  chief  of  tbe  Computing 

Division. 
Submitted  for  pu])Ueati«Mi  March  16,  1891. 


The  records  of  tlie  magnetic  observations  ma<le  by  Assistant  Preston 
during  this  expedition  were  turned  over  to  the  C -oinputing  Division  of 
tlie  Survey  for  reduction,  and  tlie  results  (deduced  l)y  Mr.  L.  A.  Bauer, 
of  the  Computing  Division)  were  reported  by  me  under  dat(^  of  February 
18, 1801.  These  results  are  given  in  Table  II,  folloAving,  and  comprise 
de(*linations,  dips,  and  intensities  at  fourteen  stations.  For  special  in- 
formation about  instruments,  descriptions  of  stations,  and  sketches  of 
localities,  the  reader  is  referred  to  the  report  of  Assistiint  Preston,  pub- 
lished as  Api>endix  No.  12 — 1890,  with  the  title:  ^*  Determinations  of 
Gravity  and  the  Magnetic  Elements  in  connection  with  the  U.  S. 
Scientific  Expedition  to  the  West  Coast  of  Africa,  1889-1800."  Bul- 
letin No.  22,  published  in  June,  1801,  may  also  be  consulted. 
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Table  I. — Oeographwal  pimtions  of  nia>gnetic   stntiouH   occuj)ied  by 

Assistant  E.  D.  Preston  in  1889-1890, 


o 

Name  of  station. 

Latitude. 

Longitude. 

Washington,  U.  S.  Coast  and  Geodetic 

o          / 

0 

/ 

Survey  Office,  District  of  Columbia. 

38    53-2 

N. 

77 

oo*5 

W.  from  Gr. 

I 

Horta,  Fayal  Island,  Azores. 

38    31-8 

N. 

28 

389 

W. 

2 

Porto  Grande,  St.  Vincent  Island,  Cape 

Verde. 

16    533 

N. 

24 

594 

W. 

3 

Freetown,  Sierra  Leone,  West  Coast  of 

Africa. 

8    298 

N. 

'3 

147 

W. 

4 

Elmina,  Guinea,  West  Coast  of  Africa. 

5    048 

N. 

I 

203 

W. 

5 

Loauda,  Angola,  West  Coast  of  Afi  ica. 

8    488 

S. 

13 

I4'0 

E. 

6 

Cabiri,  Angola,  West  Coast  of  Africa. 

8    47 

S. 

13 

59 

E. 

.  7 

Cape  Town  Observatory,  Cape  of  Good 
Hope,  west  station. 

33    56* » 

s. 

18 

287 

E. 

8 

Cape  Town  Observatory,  Cape  of  Good 

Hope,  southeast  station. 

33    56-1 

s. 

18 

287 

E. 

9 

Jamestown,  St.  Helena. 

15     550 

s. 

5 

437 

W. 

lO 

Longwood,  St.  Helena. 

15     567 

S. 

5 

41*5 

W. 

II 

Georgetown,  Ascension  Inland. 

•    7    555 

s. 

14 

25-0 

W. 

12 

Green  Mountain,  Ascension  Island. 

7     567 

s. 

14. 

215 

W. 

13 

Bridgetown,  Barbados. 

13    04 

N. 

59 

3^ 

W. 

14 

,       1 

Nonsuch  Island,  Bermuda. 

32    206 

N. 

64 

39*2 

W. 

REPORT    FOR    1891 — PART    II. 


23 


Theseculnr  mUl  annual  changes  of  the  magnetic  force  at  staiiona  occupied 
in  connection  with  the  Eclipse  Expedition^  1^89- 90^  etc. — Contiuued. 
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In  harder  to  lac^ilitate  the  application  of  tlio  above  results,  and  to 
incrciise  their  iiHefulness,  it  will  be  necessary  to  compare  them  with 
Hucli  older  observations  at  these  stations  as  may  have  been  made,  and 
to  deduce  from  these  comparisons  the  law  of  secular  variation,  or  in 
cases  of  insufficient  observations  to  determine  the  annual  change.  The 
results  will  then  be  directly  available,  and  will  aid  in  the  constniction 
of  isoniagnetic  curves  for  any  recent  ei)Och  over  the  region  of  the 
North  and  South  Atlantic  covered  by  our  observations. 

TIk*  writer  is  aware  of  the  incompletiuiess  of  the  older  results  here 
(collected,  j^s  nnist  necessarily  be  the  case  in  any  attempt  involving 
foreign  stiitions,  but  it  is  to  be  hoped  that  those  having  local  knowledge 
or  better  fa^^ilities  for  collection  mav  be  induced  to  <*ontribute  some- 
thing  towards  the  general  stock  of  information. 

VV(»  shall  take  up  the  stations  in  the  chronological  order  given  in  the 
table,  but  dis(uiss  separat<4y  the  declination,  dip,  and  intensity  changes, 
iJeginning  with  the  declinations,  this  part  will  simply  form  an  ad<Utiou 
to  my  pai^er  on  the  Secular  Variation  of  the  Magnetic  Declination  in 
the  United  States  and  at  some  foreign  stations,  "Appendix  No.  7, 
Report  for  1888,  Washington,  1890,"  and  the  results  when  generalized 
will  thus  extend  over  a  largely  increased  area.  For  the  annual  changes 
of  dip  and  ijitensity  within  the  United  States  the  reader  may  (uuisult 
Ai)pendix  No.  6,  Report  for  188i'».  For  treatment  and  notation  see 
these  appendices. 

(0)  Washington^  D.  C. — Position  of  Coast  and  Geodetic  Survey  Office, 
y,  =  +  380  53 '-2,  A  =  770  00 '-5  W.  We  have  34  values  between  1750 
and  1889,  as  given  in  Appendix  No.  7,  Report  for  1888.  This  includes 
Mr.  Preston's  station  and  gives  for  the  annual  increase  of  west  decli- 
nation 2 '-4  for  the  epoch  1890,  and  2''0  for  the  epoch  1895,  according 
tx)  the  fornuila  I)  =  +  2o  -73  +  2-57  sin  (l-45m  -  21^  -6)  +  0-07  sin  (12m  + 
270),  which  diflers  slightly  fnmi  that  given  on  p.  225  in  the  coefficient 
of  the  second  periodic  term,  the  present  value  being  i)referred.  W^e 
have  as  usual  m  =  t  —  1850*00. 

(1)  Horta,  Fayal  Island^  Azores. — Position  of  Castle  of  Santa  Cruz, 

0=+38O31'-8,  >l  =  28o38'-9  W. 


REI'OUT    von    ISOl PAUT    11. 


25 


T/p/'  .sccuhir  and  annmd.  chaiufea  of  the  matjncMc  force  at  utattons  occupied 
in  connection  with  the  UcUpse  Expedition^  ISSy-^OOj  etc. — Coutiuued. 

We  have  the  following  data: 


No. 


Date. 


1497  or  1498. 


I   1589,  Sept.  13-22. 


{!  1600. 
,  1610. 
1700. 

4  1775  J"iy  14. 

5  1829. 

1842. 

18S9,  Nov.  2,3. 


Declination. 


Small     east 
declination. 


o     / 
305  E. 


0  00 

1  40  K. 
5  10  W. 


22  07  W. 
25  55  W. 

27  00  w. 
25  52  \v. 


Observer. 


Sebastian  Cabot  noted  "  no  variation "  in  a 
{Kjsition  on  the  meridian  no  miles  west  of 
the  island  of  Hores  [and  in  estimated  lati- 
tude 46°  or  47°. — ScH.],  U.  S.  Coast  and 
(ieotlctic  Survey  Bulletin  No.  6,  May,  1888. 
[Neither  Martin  Behaim,  the  cartographer, 
who  resided  several  years  (between  i486 
and  1492)  at  Fayal,  nor  Christopher  Colum- 
bus, who  was  at  Santa  Maria  in  February, 
1493,  have  apparently  left  any  information 
res|)ecting  the  variation  ut  these  islands. — 

SCH.] 

E.  Wright,  at  P'ayal.  Untereuchungcn  Uber 
den  Magnetismus  tier  Erde  von  Christopher 
Ilanslcen,  Christiania,  1819.  [IIansteen*s 
isogonic  chart  for  1600  gives  i^®  east,  and 
according  to  the  Arcano  del  Mare  the  east- 
erly declination  about  1630  was  small.-ScH.] 

At  Flores  Island:  liansteen's  Magnetismus 
der  Krde,  1819. 

J.  Davis,  at  Santa  Maria  Island. 

Kdm.  Halley,  Tabula  Nautica,  Var'm  Mag'm 
Index  (Greenwich  astronomical  observations 
for  1869). 

Capt.  Cook,at  Fiiyal.  Hansteen's  Magnetis- 
mus der  Krde,  181 9. 

Capt.  Liltke,  at  Fayal.  Sir  Edw.  Sabine  in 
Phil.  Trans.  Roy.  Soc,  Vol.  165,  for  1875, 
London,  1876. 

Capt.  Vidal,  at  Pico.  [Vidal  found  27°  30' 
W.  at  Flores  in  1844,  lience  the  declination 
at  Fayal  in  1842  could  not  have  differed 
much  from  27°  W.— Sen.] 

E.  D.  Preston,  assistant  U.  S.  Coast  and  Geo- 
detic Survey,  at  Horta.  [The  declination 
is  reduced  to  mean  of  day,  as  at  all  his 
other  stations. — ScH.] 

N.  B. — A  chart  of  the  Azores,  published  by 
the  U.  S.  I lydrographic  Office  in  July,  1890, 
states  "variation  decreasing  3'  annually." 


The  observations  are  represented  by  the  formula: 

D  =  +  120 -43  +  14-97  sin  (0-750m  +  88o-6) 

a  i)ORitive  sign  of  D  indicating  west  declination;  the  observed  and 
computed  values  compare  as  follows : 


No. 

Date. 

C)bserved  D. 

Computed  D. 

0— C 

0 

0 

0 

I 

15897 

—  309 

—  1*91 

— i-i8 

2 

10050 

—  083 

2-48 

-f-i-65 

3 

17000 

+  5-17 

-f  6-37 

— 1-20 

4 

1775-5 

-I-22-I2 

+  20-51 

+  I-6I 

5 

1820-5 

4-25-92 

4-2676 

—0-84 

6 

18425 

-|-27-oo 

-j-27-28 

—0-28 

7 

1889-8 

+25-87 

-|-25-6o 

-fo-27 
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Accordiug  to  our  fornmla  the  period  in  480  years,  the  nuiximuiii  east 
declination  occurred  about  1612,  amount  2"^ '5,  and  the  maxiniuni  west 
in  1852,  amount  27o-4.    Annual  decrease  in  1S90,  .V-6,  and  in  1895,  G'-3. 

(2)  Porto  Orandey  St.  Vincent  Island^  Cape  Verde  IsUmdH. — Position 
of  Porto  Grande 

V>  =  +  160  53'  -3         ^  =  240  59'  -4  W. 

We  have  the  following  data: 


No. 


Date. 


Declination. 


Observer. 


1 615  (about). 


2  1700. 

3  1822. 


4  '  1873.  July  3i» 

Aug.  2. 

1876,  Apr.  19. 
Apr.  22. 

6      1884,  Nov.  10. 


1889,  Nov.  II, 


3U 
15 


03 


W. 


18 
17 


19 
18 


40    \v. 

198 \V.  I 


54 
52 


W. 
W. 


19    47     W. 


20    45     W. 


[According  to  the  Arcano  del  Mare,  the  dec- 
lination at  these  islands  was  about  zero  in 
1 61 5  -j-  15  years,  as  estimated  by  ine  ;  be- 
fore this  date  the  declination  was  easterly, 
as  shown  by  Ilansteen's  chart  for  1600. — 
Sen.] 
Kdm.  Halley,  Tabula  nautica,  etc. 
Duperrey,  at  San  .Antonio  Island.     This  isl- 
and is  close  to  St.  X'incent  Island,  hence  the 
declination  may  also  be  used  for  the  latter. 
Phil.  Trans.  Roy.  Soc.,Vol.  165,  1875;  1-^"* 
don,    1876.      [The   observations   at    Porto 
Praya,  St.  I  ago  Island,  indicate  an  increase 
of  west  declination  between  1822  anil  1843 
of  about  2^  per  annum. — ScH.l 
At  Porto  Grande,  Voyage  of  11.  M.  .S.  Chal- 
lenger, Vol  II,  pp.  27,  58.     [Second  value 
not  used. — ScH.J 
'  At  St.  Vincent,  swinging. 
On  .St.  Vincent  Island,  voyage  ol  H.  M.  S. 
Challenger,     Vol.    ii,    pp.    43,    46,     70. 
[Second  value  not  u.sed.  — ScH.] 
Lieut.  J.  D.  Adams,  U.  S.  S.  Kearsarge,  in  lat- 
itude -f  16°  19'  and  longitude  24®  49'  W. 
Naval    Prof.  Pajjers   No.  19:  Washington, 
1886. 
E.  D.  Preston,  Assistant,  U.  S.  Coast  and  Cleo- 
detic  Survey,  at  Porto  Cirande. 


{ 


The  above  observations  are  represented  by  the  formula 
D  =  +  100-51  f  10-27  sin  (0-590  m  +  440-0) 
and  the  observed  and  computed  values  compare  as  follows: 


No. 

Date. 

Observed  D. 

Computed  D." 

()  -C 

0         I 

0 

0 

I 

1615-0 

000 

-h  0-27 

—0-27 

2 

17000 

4-  375 

-f  3-31 

-i  044 

3 

1822-5 

-1505 

+  15-30 

-  0-25 

4 

1873-6 

-h  18-67 

-f  19-21 

-054 

5 

1876-3 

+  18-87 

+  19-36 

~o-49 

6 

1884-8 

+  19.78 

+  19-78 

o-oo 

7 

1889-9 

4-2075 

1 

-I-20-00 

+075 
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The  secular  and  annual  changes  of  the  magneth'  force  at  utationH  occupied 
in  connection  with  the  Eclipne  Expedition^  1889- i)0^  etc. — Oontinneil. 

According  to  tbe  formula  the  period  is  610  years,  but  this  is  very 
uncertain,  since  neither  the  last  minimum  west  nor  the  maximum  west 
(as  expected)  has  become  known;  in  fact,  the  expression  is  but  a 
rough  approximation. 

The  maximum  east  occun*ed  about  1C2.S,  amount  0O'2  east;  the  max- 
imum west  is  expected  about  1928,  amount  20o*8we8t.  Annual  in- 
crease in  1890,  2' -4,  -and  in  1895,  2'-l. 

(3)  Freetown^  Sierra  Leone, — Position 

^  =  +  8o  29'  -8         A  =  130  14'-7  W. 
We  have  the  foUowing  observations: 


No. 
I 

2 

3 

Date. 

Decimation. 

Observer. 

1826. 
1836. 
1836. 
1889,  Nov.  19. 

0     / 

18  48  w. 

19  23  W. 
19  36  W. 
19  17  W. 

Capt.  Owen 
Capt.  Vidal 
Capt.  Denham 
E.  D.  Preston,  - 
detic  .Survey 

» 

Sir  Edw.  Sabine  in  Phil. 
Trans.  Roy.  Soc, Vol.,  165, 
for  1875:  London,  1876. 

Assistant,  I'.  S.  Coast  and  Geo- 

;  at  Freetown. 

• 

The  above  data  are  iusuiiicient  to  deduce  any  value  for  annual 
change. 

(4)  JElmina,  Gold  Coast. — Position  of  Fort  St.  George 

^  =  +  50  04'-8         A  =  10  20' -3  W. 
We  have  the  following  observations: 


No. 

Date. 

Declination. 

Observer. 

I 
2 

1838. 

i889,Nov.  27,  28. 

0      / 

20  II  W. 

17  10  W. 

Capt.  Vidal,  Phil.  Trans.  Roy.  Soc,  Vol.  165, 

for  1875;  Ixjndon,  1876. 
E.  D.  Preston,  Assistant,  U.  S.  Coast  and  Cieo-  \ 

detic  Survey. 

No  deduction  for  annual  change  can  be  made  from  these  data. 
(6)  Loanda^  Angola. — Position  of  St.  Paul  de  Loanda,  tlagstafi'  Fort 
San  Miguel 

^  =  -.  80  48' -3         A  =  13^  J3'  -1  east 

and  of  magnetic  station 


^  =  -  80  48'  -8         A  =  130  14'  -0  east 
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We  have  the  following  observations: 


No. 

I 

2 

Date. 

Declination. 

Observer. 

1825. 

1889,  Dec.  14,15,16. 

0     / 
22  00  W. 

17  46  w. 

Captain  Owen,  Phil.  Trans.  Roy.  Soc.,  Vol. 
167,  Part  II:  London,  1878. 

E.  D.  Preston,  Assistant,  U.  .S.  Coast  and  Geo- 
detic Survey. 

Ko  deduction  can  be  made  from  these  data  respe^^ting  the  annual 
change,  although  the  three  African  stations,  Nos.  3,  4,  and  5,  all  appar- 
ently point  to  a  decreasing  west  declination  for  the  present  time. 

(6)  Cabiri,  Angola. — Position 

^  =  -  80  47'         Xr=  130  59'  E. 

At  this  place  we  have  only  Assistant  Preston's  observation  in  De- 
cember, 1889,  already  given. 

(7,  8)  Cape  Toioiy  Cape  of  Oood  Hope, — Position  of  astronomical  ob- 
servatory 

^  =  -  330  56'-l  Xr=  180  2S'  -7  E. 

At  this  station  we  hiJve  the  following  observations: 


No. 

Date. 

Declination. 

Observer. 

0 

/ 

The  observed  values  are  taken  from  "  Cape  Observations, 

I 

1605 

0 

30     E. 

Mag'c  and  Met'c,  Vol.  I,  p.  Ix,"  as  given  by  Walker  in 

2 

1609 

0 

12     W. 

his  "  Terrestrial  and  Cosmical  Magnetism,"  Cambridge 

3 

1622 

2 

00    W. 

(England),  1866,  excepting  values  Nos.  6,  24,  and  25. 

4 

1675 

8 

14    w. 

See  also  Encyclopaedia  Britannica,  9th  edition,  1883, 

5 

1691 

II 

00    W. 

Art.  Meteorology. 

6 

1700 

loX       w. 

Edm.  Halley;  Tabula  Nautica,  etc. 

7 

1751 

19 

15    w. 

8 

1775 

21 

14    w. 

9 

1788 

24 

04    w. 

10 

1792 

24 

31    w. 

II 

1818 

26 

31   w. 

12 

1836 

28 

30  w. 

13 

1839 

29 

09    w. 

14 

1841-5 

29 

062  \v. 

British  Colonial  Magnetic  Observatory,  Cape  of  Good 

>5 

*  18425 

29 

05  9  W. 

Hope.     The  declinations  for  the  years  1841-1850  differ 

16 

1843-5 
18445 
18455 

29 

o6-oW 

but  slightly  from  the  values  given  by  Walker,  who  de- 

1 w 

062  w. 
07-4  w. 

duced  his  results  for  1841,  1846,  and  1850  from  obser- 

17 

18 

29 
29 

vations  of  9,  7,  and  8  months,  respectively. 

19 

18465 

29 

087  w. 

20 

18475 

29 

12-4  W. 

21 

18485 

29 

14-0  w. 

22 

18495 

29 

162  w. 

23 

1850-5 

29 

188  w. 

24 

18575 

29 

34     W. 

Austrian  frigate  Novara. 

25 

1873-9 

30 

04     W. 

H.  M.  .S  ChaUenger  Narrative,  Vol.  II,  p.  29. 

26 

1 890- 1 

29 

32   w. 

E.  D.  Preston,  Assistant  U.  S.  Coast  and  Geodetic  Survey. 
The  result  at  the  western  station. 

*  Belcher' II  observation  of  1842,  20^  10'  W.,  waa  nut  used,  the  Observatory  value  being  preferred.— SCH. 
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The  Hecnl<ir  and  annHul  chaiiffes  of  the  macj net ic  force  at  atathns  occupied 
in  connection  with  the  EcUpHc  Expedition^  1889- 'JOy  etc. — Coutiuued. 

These  observations  are  satisfied  by  the  formula; 

D  =  +  140  -63  +  iryo  .(X)  sin  (O-GlOm  +  ll^  -7) 

a8  sliowu  by  the  follomug  comparison  of  observed  and  computed 
values: 


No. 

Date. 

Observed 
D. 

Com- 
puted D. 

0— C 

No. 

Date. 

Observed 
D. 

Com- 
puted I). 

0— C 

0 

0 

1 

0 

0 

I 

1 605  5 

—  050 

-f  0*41 

—0*91  ' 

14 

1841-5 

4-29- 10 

4-28-94 

4016 

2 

16095^ 

-f-   0-20 

0*62 

— 0*42 

15 

1842-5 

29-10 

2899 

-f-o-ii 

3 

1622*5 

2-00 

1*50 

4-0-50 

16 

1843:5 

29-10 

29-03 

4  007 

4 

16755 

8-23 

7-43 

4-080 

17 

18445 

29-10 

2908 

-|-0-02 

5 

1691-5 

iroo 

974 

4-i"26 

18 

18455 

29*12 

29-12 

o-oo 

6 

1700-0 

10-25 

1 1*00 

--0-75 

19 

1846-5 

20-14 

29-18 

— 0-04 

7 

1751-5 

19-25 

19-16 

4-0-09  ! 

20 

1847-5 

29-21 

29-20 

4-0-0I 

8 

17755 

21-23 

22*64 

—  I -41  > 

21 

1848-5 

2923 

29-24 

—001 

9 

1788-5 

24*08 

24-31 

—0-23 

22 

1849-5 

29-27 

29-27 

o-oo 

10 

1792-5 

24-52 

24-79 

—0-27  , 

23 

1850-5 

,     29-31 

29-30 

4-0-01 

II 

18185 

26*52 

27-43 

—0*91 

24 

1857-5 

20-57 

2950 

4-0-07 

12 

1836-5 

28*50 

2869 

—0*19 

25 

1873-9 

30-07 

2962 

+045 

13 

1839-5 

4-29*15 

2884 

-fo-3> 

26 

1 890- 1 

4-29-53 

2929 

-fo-24 

The  formula  demands  a  period  of  600  years  and^ijives  a  maximum 
east  declination  about  1575,  amount  — 0'^-3,  and  a  maximum  west  dec- 
lination in  1870,  amount  +  !39^M5.  The  annual  decrease  in  1800  is  2''0, 
and  in  1890  2'-5. 

(9,10)  St  Helena. — ^Position  of  anchora|;:e,  off  Jamestown: 

cp  =  -  1 5^  55'  '0  ;.  =  ryo  13/  .7  west, 

and  of  the  Mapieti(*>  Observatory  near  Lnng:wood,  established  by  the 
British  Government, 


9>  =  — 15<^  56'  -7         A  =  50  41'  -5  west. 
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We  have  the  foUowing  observed  declinations: 


No. 

Date. 

Declination 

1 

0      / 

I 

2 

\ 

5 
6 

7 
i    8 

1 

i6io. 
1677. 
1691. 
1724. 

1775. 
1789. 

1796. 
1806. 
1836. 

7     13  E. 

0  40  E. 

1  00  W. 
7     30  W. 

12     18 

15     30 
15     48 

17  18 

18  00 

;   9 

i '° 
II 

1839. 
1840. 
1845. 

22     17 
22    53 
23-  15 

12 

'3 

1846. 

1890,  Feb.  24,  25. 

.  23     II 
23    57  W. 

Observer. 


These  values  are  taken  from 
**  Magnetical  and  Meteoro- 
logical Observations,"  St 
Helena,  1844- 1849, Vol.  ii» 
p.  vi,  I^mdon,  i860.  By 
Maj.  (ien.  Edw.  Sabine. 


'  Davis 
!  Halley 

I  lalley 

Malhew 

Wales 

Hunter 

Macdonald 

Krusenstem 

Fitzroy:  Phil.  Trans.  Roy.  Soc.,Vol.  167,  Part 
11,0.478,  Ix)ndon,  1878.  [Not  used;  lo- 
cally affected.  -Sen.] 

Du  Petit  Thouars  1    *    .1     •*        r     xt     .    o 
„  V  Authority  as  for  Nos.i-  8. 

At  Longwood  Observatory  the  total  change  in 
declination  observed  between  1840  and 
1 845, inclusive,  was  23°  27^—22*53^=34', 
or  annual  increase  7',  nearly ;  hence  interpo- 
lated value  for  1845,  ^^^^  Ross's  observa- 
tions, 23°  27^,  and  from  Berard's  dbserva- 
lions,  23°  04',  mean  23*^  15'  west  adopted. 

B^rard,  authority  as  for  Xo.  10. 

E.  D.  Preston,  Assistant  U.  S.  Coast  and  Oeo- 
detic  Survey,  at  Jamestown. 


These  observations  are  satisfied  by  the  equation: 

D  =  +  8^=5  '90  +  150-31  sin  (0-618m  +  G^o  -J ) 
and  the  observed  and  eoniputed  values  compare  as  follows: 


No. 

Date. 

Observed  D. 

Computed  D. 

0— C 

I 

1610-5 

0 
—   7*22 

0 
—  6-29 

0 
— 093 

2 

16775 

—  0-67 

—  1-25 

+058 

3 

16915 

-f    100 

-j-  0-60 

4-0-40 

4 

17245 

-f    7-50 

5-59 

+  1-91 

5 

1775s 

+  1230 

1391 

— i-6i 

6 

17895 

4-15-50 

1602 

—0-52 

7 

17965 

-4-15-80 

17-01 

-—1-21 

8 

18065 

-17-30 

18-36 

— ro6 

9 

1839-5 

-f  22-28 

21-97 

+0-31 

10 

1840-5 

-f22-88 

22.05 

+083 

II 

1845-5 

+23-25 

22-45 

4-080 

12 

18465 

+2319 

22-53 

4-0-66 

13 

1890-1 

+23-95 

24-21 

—0-26 

The  formula  demands  a  period 
of  582^^  years  and  gives  a 
maximum  east  declination 
about  1599,  amount  6^-4  E., 
and  a  maximum  west  decli- 
nation in  1890,  amount  24^-2 
W.  The  annual  change  in 
1 890  was  nearly  zero ;  in  1 895 
it  will  be  a  decrease  of  0^*5. 
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The  necular  nad  niinual  chanijes  of  the  ma{/>ittic  force  at  sttttioitt  occupied 
in  coHHtotiOH  irith  the  Bclq>fie  Expedition,  1889-^90,  etc. — Cuntiuued. 

(11,  lli)  AaveiisioH  Inland. — I'oHitioii  of  Georgetown. 

9)  =-7°  55' -5         i  =  l-l^  25' -0  W. 

aud  of  Ureeii  Mouutaiu: 

<fi=-  Torrfi'-T        i  =  u-  Ul'-ri  W, 

At  tlii«  island  tUc  local  distiirbauceu  in  tlic  maguetic  dii^tribution  are 
very  {jrcat. 

We  have  tlie  tbllowiiiy  obKervatioUM,  viz: 


No. 

Dale. 

I>ec1  illation. 

Ohserver. 

I?00. 

Z    oE. 

Halloy,  in  his  "  Tabula  NaiUita,"  elc. 

^iljo. 

20  10  \V. 

V.SlJ.                               . 

17  J6  W. 

:    3 

'    4 

^ 

19  16  W. 
\g  16  W. 

Du  P«i,  Thoua,..  1    ''itSil  S'Tkoy.""^'! 

b'""^"-              ■              Jon   .1?fi^"  "■■""■ 
Deiiham.                       don,  1878. 

S 

, 1876,  March  zg. 
JiS76.March-3o. 

21  3S  W. 

H.  M.S.lIecaiL-.  , 

Z3  06W. 

)JI.  M.  S.    ChallengcrAAt  Gtiirgeicwn, 

r 

Z.3.W. 

'1876,  April  3. 

>     |>.  43,                           iM  sea,  SBineine. 

'  «90,  March  ii-ij. 

|E.  D.Preston,  assi.-tint   .      . 

1  y.tsrr  "-,«'-'"=-■ 

s 

;  890,  March  30,31, 
i          Apnl  I. 

13  «4  W. 

Captiiiii  Postti-'d  value  of  18;t()  would  nceiii  to  he  aflW;t<^d  witli  a 
deliei-tioa  of  about  iC^,  and  tLe  diseropaucy  in  tlie  obseivutions  by  the 
Challenger  and  by  Mr.  ['restou  is  lik<MviHoduo  t<i  local  irregularity;  iivob- 
ably  values  ut  Green  Mouutniii  are  more  nearly  normal  tliau  the  values 
at  Georgetown,  an  we  may  judge  ftoni  tlie  i-esnit  of  the  Challenger 
when  swinging;  mean  values,  however,  were  jircfcrred  tor  the  pi-esent. 

Tbe  expression  I)  =  +  L'OO'34  +  0-142  m  —  0-0020  m'  represcnta  the 
observations,  as  follows: 


j-^  '  Olwerved 

ConiiHileil 
1>. 

„.-c. 

Xo. 

Observed 

n. 

Computed 
D. 

0.-C. 

1 !  + 17-60 

2  1852 

3  1927 

4  "9-27 

+  iE-o6 
18-63 
1916 
19-82 

0 
-0-46 

+  o-ir 
—  05s 

5 
6 

I 

+  2I7S 
2163 
2277 
23-00 

lis 

+  0-04 

+^08 

-I-0-18 

Tlie  maximum  west  declination,  accordingly,  occurred  in  18S5; 
amount,  22o-fl  W.  The  annual  decretiee  was  1'  -1  tor  180O,  and  for  1805 
it  will  be  2' -3. 
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(13)  Bridgetown^  Barbadon, — Position  of  Rickett's  Battery: 

^  =  +  130  05'  -7         A  =  oO'^  37'  -3  W. 
and  of  magnetic  station: 

<^  =  +  130  04'         \  =  59^  30'  W. 

The  observations  at  this  island  will  be  found  collected  and  discussed 
in  Appendix  No.  7,  Coast  and  (leodetic  Survey  Ecport  for  1888.  The 
changes  made  in  the  table  on  j).  250  (ibid.)  are  the  introduction  of  the 
value  5JO  east  for  1700,  according  to  Edm.  Jlalley's  Tabula  Nautica,  etc., 
and  the  substitution  of  Mr.  Prest4)n's  value  of  1890  for  the  value  of 
1884,  which  latter  had  only  been  used  temporarily  in  the  absence  of  a 
later  value. 

The  expression  D  =  -  lo-88  +  2-83  sin  (0-95  m  +  24- -0)  represents 
the  observations  as  follows: 


Year. 

Observed 
D. 

Computed 
I). 

0.    C. 

0 

0 

0 

17000 
1726*5 
1760-4 
1761-3 

1833s 

-5-33 

—  3-92 

—  4-50 
-378 

—  1-48 

-4-38 

—  471 

—  4-34 
-432 

—  1-44 

-0-95 

T  079 

-  -  o- 1 6 

+  0-54 

—  004 

1839-5 
1846-5 

1871-5 
1890-3 

—  1-22 

—  '•45 

—  0-58 

-f  1-20 

—  117 

—  0-85 
-f  0-12 
-f-o-64 

—  005 
o-f>o 

—  070 

-f  0-56 

The  formula  supposes  a  period  of  379  years,  with  a  maxinnim  west 
decdination  in  1919,  amount  I'^'O  W.  In  1890  the  annual  change  was 
l'*3;  in  1895  it  will  be  I'M,  increasing  west. 

(14)  Nonsu<:h  Island^  Bermuda, — Position  of  the  island: 

^  =  +  320  20'  -0  \  =  040  39'  -2  W. 

The  observations  made  in  the  Bct'nnida  Islands  will  be  found  collect(»d 
in  Appendix  !No.  7,  Coast  and  Geodetic  Survey  lieport  for  1888,  p[). 
222,223.  To  these  we  add  Mr.  Preston's  determination  of  1890.  The 
local  disturbances  of  the  Bermudas  were  investigated  by  Staff  Com- 
mander E.  W.  Creak,  li.  N.,  in  1880,  but  his  researches  do  not  extond 
over  the  eastern  part  of  the  group  ot*  islands.  No  correction  for  local 
deflection  can  therefore  be  assigned,  and  we  shall  use  the  value  as 
observed. : 

The  expression 

D  =  +  60-926  +  0-01 07m  +  0-00045m» 
represents  the  observations  very  well.    It  is,  however,  inadmissible,  for 
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The  secular  mid  annual  changes  of  the  magnetic  force  at  stations  occupied 
in  connection  ivith  the  Eclii)se  Ex^peditiony  ISSU-^OO,  etc. — Continnt^d. 

the  reason  that  it  deiiuiiuis  a  western  niininnini  abont  18**58,  anioiuit 
6^'^]  west.  A  inininiuni  abont  this  time  is  contradicted  by  all  sur- 
rounding stations,  which  show  that  it  must  have  taken  phw'e  much 
earlier  and  in  the  preceding;  century.  The  curvature  being  slight  and 
in  the  wrcmg  direction,  there  remains  only  a  representation  by  a 
straight  line  lor  the  present.    1  adopt  therefcn^e: 

D=  +  7'=^-08  +  0-()2()2m, 

which  rei)reseut'S  the  observations  as  follows: 


^  ^ 

Ohsen'cd 

\ear. 

D. 

0 

i83>-5 

+  6-98 

i837'5 

667 

18458 

7-02 

1846-5 

6-88 

18733 

7-21 

1876-5 

775 

1890-4 

+  807 

1 

Compute<l 
D. 

0.— C. 

0 

0 

-f-  670 

4- -28 

683 

•16 

700 

-f-  '02 

701 

—  •13 

755 

-•34 

761 

-I--I4 

+  790 

+  'I7 

The  annual  increase  of  west  declination  is  1'.2,  but  for  1805  it  will 
probably  be  1''5. 

In  the  following  table  I  have  brought  together  some  of  thejnincipal 
results  obtained  in  the  discussion  of  1888  and  in  the  present  investi- 
gation. 


Station. 


I^t. 


Long. 


NORTH   ATLANTIC. 


Declination,  -f-  west,  — cast. 


Annual  change. 

[4-  increasing 

west.] 


1890. 


o       /  ,    o        » 

44  :.9-6N.i  63  353W.     D 

'D 


1895. 


— o-i 
-6j 


Halifax,  Nova  Scotia. 

Horu,  Axores.  |   j8  318  N.     a8  ^S'g  W. 

St. Georges, Bermuda.    :;a  2a'6  N.     64  406  W.     D 
Savannah,  Ga.  ■  32  04 "9  N.  ;  81  05  5  W.    O 

Porto  Grande,  Cape    16  533  N.  ,  24  S'Z-i  W. '  D 

Verde.  | 

Bridgetown,  Barba*  ,  13  05*7  N.  i  59  373  W.  1  D  =  —    i"88+   3*83  sin  (o"95ni   -f  34(0'     -1-1*3  '     -f-ri 

dos. 


o  •  o 

\-  jft'ti  r-   4*53  **in  (I'oom    -|-  4rt'i> 

i   ij"41  f  i4"«7  sin  <'o'75om  -r  88v>>  — 5-6 

4-   7'^  -f-  o.o203in                          j  4"»'2     ( i  r5» 

-    j-1.5  f  a-55  sin  (i'4om       -40-5)  13-6:     -f3-4 

-h  lo'si  -f  W27  hin  (o"5ipom  4-  440)  42*4        +21 


SOUTH    AII.A.NTIC. 

Georgetown,  Ascen- ;    7  55*5  S.       14  250  W.     D--4  20*34  f-  o'i42m — o'ooaom' 

!  i  I 


—  r-i   ,        -2-3 


•ion. 


Jamestown,  St.  He-    15  56'7S.    1    5  415  W. 

lena. 
Rio  dc  Jantir«»,  Kra-    32  5.|'8  ^.      43  og's  W.    D 

zil.  < 


D  — +    890  4- »5'.^i  ^>n  fo'6i8iii  4"  65''  ^o         -o'S: 


=  -\-    2'iij  ;     9,')i  sin  (o'Soni    —  104)        •  7*7        -|-7"5  . 


Capo  Town.  CiipC"*!     ^3  .>;6'i  S.       18  =S'7  K. 
GtMid  Hope.  I 


D=   •   i4'63-;- 1500  sin  (o'fiiom  4- 77'7'      ~^'c»        -a^ 

I 


H,  Ex.  43,  pt.  ?-3 
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Compared  with  similar  expressions  for  stations  on  our  Atlantic  sea- 
eoast,  l)etween  Eastport,  Me.,  and  Savannah,  (la.,  the  most  notable 
feature  of  the  above  stations  located  in  the  North  and  South  Athmtic 
is  the  widely  enlarged  secular  motion,  both  in  range  and  in  ])eriod. 
The  average  range  for  our  Atlantic  coast  stations  is  about  twice  3% 
whereas  the  average  range  for  stations  in  thi^  Azores,  Cape  Verde,  St. 
Helena,*  at  Rio  de  •laneiro,  and  at  Cape  Town  is  twi<'e  13^"^,  or  4i  tinier 
as  great.  Again,  for  our  coast  stations  a  erpials  about  1'35() ;  for  the  five 
Atlantic  stations  a  equals,  on  the  average,  0'()74 ;  in  other  words,  for  our 
coast  the  period  of  a  <*omplete  angular  swing  would  be  207  years ;  whereas 
for  the  islands  and  the  <*oast  stations  in  South  America  and  Africa 
the  i)eriod  demanded  is  534  years  on  the  average,  or  just  (ac<'idcntally 
so)  twice  as  long.  This  change  in  the  character  of  the  secular  motic»n, 
as  depending  on  geographical  position,  is  very  significant.  Though  its 
meaning  is  at  present  shroudexl  in  mystery,  it  may  turn  out  to  be  an 
interference  phenomenon  due  to  several  causes.  It  will  also  be  noti<*ed 
that  Mr.  Preston's  observations,  falling  in  a  time  not  very  remote 
from  the  western  extreme  of  the  secular  motion,  will  greatly  assist 
in  defining  the  extreme  magnitudes  of  the  <leclinations  for  that  epoch. 

With  respect  to  early  observations  of  the  dip  at  our  stations,  there 
appears  to  be  but  little  material  in  existence;  and  as  to  observations 
for  horizontal  or  total  intensity,  there  are  but  a  very  few,  as  might  have 
been  expect<»d  from  the  circumstance  that  in  the  first  third  of  this 
century  it  was  not  known  how  to  express  either  in  absolute  measure. 

The  collect<3d  dips  are  given  below  without  attempting  to  define  their 
annual  change,  for  wiiich  lattcn-  the  observations  are  far  too  scanty. 
The  discussioji  of  the  dip  observations  at  Was/unatofu  />.  C,  will  be 
found  in  Appendix  Xo.  0,  Coast  and  Geodetic  Survey  Keport  for  188.*), 
pages  150-155  and  pages  259-204.    To  this  collection  we  can  now  add: 


Date. 

Dip. 

Observer. 

1886-5 
1887-6 

1888-4 
1889-7 

0 
+  7051 

+  70-45 

4-70-42 
+70-43 

C.  A.Schott  and  E.  D.  Preston,  at  magnetic  oliscrva- 
tory  un  F'irst  street  SK. 

J.  B.  Baylor,  at  Coast  and  (ieodetic  Survey  Ofiice  sta- 
tion, between  New  Jersey  avenue  and  South  Capi- 
tol street. 

J.  B.  Baylor,  same  locality. 

E.  D.  Preston,  same  locality. 

The  annual  diminution  of  the  dip  for  1885  was  given  as  .*V*5.  This 
seems  now  somewhat  too  large,  but  not  enough  time  has  elapsed  since 
that  date  to  make  it  worth  while  to  reconstruct  the  exponential 
formiUa  given  on  page  1^03  of  the  Eej)ort. 


*  Tho  Canary  lHlaiid.s  may  also  be  added  to  this  gruup^  though  not  hor«^  discnsKcd. 
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The  secular  and  annual  changes  ofth^  mafinetic  foree  at  stafions  occupied 
in  connection  icith  the  EcllpHe  Exptditionj  1889- UO^  etc, — CoutinufHl. 

At  Fayal  Island  wc  have  three  observations,  viz: 


Date. 

Dip. 

Observer. 

1775 
1850 

1889.8 

0         / 

+71  01 
+65  53 
+^  138 

Cook. 

H.  M.  S.  Rattlesnake. 

E.   D.  Preston,   United   States   Coast  and  Geodetic 
Survey. 

8U  Vincent  Island, 


Date. 

Dip. 

Observer. 

1841 

9        / 

+48  44 

Fishl)oume. 

1841 

+48  56 

Trollope. 

1842 

-[45  35 

Allen. 

1853 

-^-48  33 

Trollope. 

18763 

+43  06 

11.  M.  S.  Challenger, 

42°  52'  when 

swinging. 

18899 

-1  42  123 

E.  D.  Preston. 

1 

For  comparison  ve  may  add  liere  observed  dii)s  at  Porto  Vraya 
(<p  =  140  54',  A.  =  230  30'  W.),  Cape  V'erde  Islands. 


Date. 

Dip. 

Observer. 

1822 
1826 
1836 
1840 

1843 

0     ./ 

+45  26 
+45  45 
+45  46 
+45  22 
+44  52 

Sabine. 

Dumond  d'Urvillc. 

Fitz  Roy. 

Ross  and  Crozier. 

Belcher. 

Sierra  Lc^yne, 


Date. 


1842 
1889.9 


Dip. 


+27  18 

+15  24-2 


Observer. 


AHen. 

E.  D.  Preston. 


Gold  Coast, 


Date. 

Dip. 

Observer. 

1 841 
1889-9 

0     / 

+"  32     . 
+  0  35*4 

Allen,  at  Cape  Coast  Caslle. 
E.  I).  Preston,  at  I'lsniiia. 

a.    S.    COAST   AND    GKODETIC    SLEVKY. 


Cape  Town, 


Date. 

Dip. 

Observer. 

1841 

0     / 

-53  09 

At  magnetic  observatory.     The  Ency.  Brit.  (9th  ed.), 
art.     Meteorology,  gives — 53°  og'-i. 

1842 

-53  II 

At  magnetic  observatory.     The  Ency.  Brit.  (9th  cd.), 
art.     Meteorology,  gives  —  53®  15^-3. 

1842 

-53  12 

Belcher. 

1843 

—53  19 

At  magnetic  obser\'atory .   Ency.Brit.  gives  —  53®  2</'2. 

1844 

-53  36 

At  magnetic  observatory ;   mean  of  3  values.     Ency.  1 
Brit,  gives  —  53®  29''*4. 

1845 

-53  32 

At  magnetic  ol)servatory ;  meaii  of  4  values.     Ency. 
Brit,  gives  -53°  29'-3. 

1845 

—53  30 

Moore. 

1846 

—53  33 

At  magnetic  ob&ervatory. 

1847 

—53  41 

((         «(                (( 

1848 

-53  47 

fi        «                « 

1849 

-53  52 

«(        «                « 

1850 

-53  58 

i«        t«                tt 

1851 

—54  02 

it            «                        u 

1857 

-54  36 

Frigate  Novara. 

1873-9 

-55  563 

H.  M.  S.  Challenger,  at  observatory. 

1890-1 

—57  i5'2 

E.  D.  Preston,             " 

It  would  api)ear  tliat  the  negative  dip  at  Capt^  Town,  between  1841 
id  1851,  increased  at  an  annual  rate  of  o''3,  between  1851  and  1874  at 
rate  of  5''0,  and  between  1874  and  1890  at  ii  rate  of  4''D, 

St  Helena. 


Date. 

Dip. 

Observer. 

1840 

0     / 
—21   15 

At  magnetic  observatory,  Longwood. 

1 841 

— 21  2(5 

It                <« 

1842 

— 21  25 

((                « 

1843 

-21  45 

tt                «< 

1844 

~2I    56 

u                          « 

1845 

-21    55 

U                                i( 

1846 

—22    14 

t  •                                          C  V 

1847 

-22    37 

II                     << 

• 

1848 

—  22   49 

(f                     « 

1 890- 1 

—31  no 

E.  1).  Preston,  at  Longwood. 

Between  1840  and  18^18  the  annual  increase  of  negative  dip  was  ll'*7, 
id  between  1848  and  1890  it  was  11'  -9. 
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Hie  Hcculur  and  annuul  vlmiujes  of  the  magnetic  force  at  ntntions  occupied 
in  connection  icith  the  Eclipse  Expedition^  1889-^90^  etc, — Continued. 

The  local  disturbances  at  the  islaiid  are  very  prominent;  for  the  an- 
chorage and  vicinity  of  Jamestown  we  have: 


Date. 

Dip. 

Observer. 

1839 
1840 

1842 

1846 

18901 

0     / 

—17  55 
—18  21 

—17  d\ 

-19  23 

-29  39 

Du  Petit  Thouars  (anchorage). 
Ross  (Sister's  Walk). 
Belcher  (Sister's  Walk). 
Smythe  (Sister's  Walk). 
E.  D.  Preston,  Jamestown. 

Between  1839  and  181)0  the  aversige  annual  inci*ea8e  in  negative  dip 
was  13'-8  about. 

Ascension  TsUind. 


Date. 


Dip. 


Observer. 


1834 
i'<36 

1839 
1842 

1863 

1864 

1876-2 

1890*2 


-f  1  57 

+  I  39 
-|-  o  06 

—  o  08 

—  4  47 

—  5  57 

—  7  561 

—  9  57*2 

—  II  379 
—12  117 


Allen. 

Fitz  Roy. 

Du  Petit  Thouars. 

Allen. 

H.M.  S.  Hecat6. 

Rockeby. 

}n.M.S.Chane„ger{»|G-«t-^,^ 

U.  D.Preston  I  "'^""'Ketown 

j  \  at  Green  Mountain. 


At  this  station  the  average  annual  increase  of  negative  dip  between 
1834  and  1890  has  been  about  14'*5. 

Barbados,* 


Date. 

Dip. 

Observer. 

1890-3 

0     / 
+43  082 

• 
E.  D.  Preston,  at  IJridgeport. 

*  Fur  ol>«4}r nations  of  1835, 1830,  ami  1840  km  Appendix  No.  6.  Report  fur  1885,  page  246. 

Bermudu.] 


Dip. 


01>server. 


o      / 


1890*4        -f-64  476      E.  D.  Preston,  at  Nonsuch  Island. 


tJTor  early  obiervatiuna  (18Ji  to  187:i)  aeo  Appeudiz  Xo.  tf.  Ktport  for  1885,  pages  347,24a, 
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As  ii  gt'iicml  result  wo  iii»t«  tliat  at  all  Htaticms  for  the  pn-scnt  («ml 
for  a  number  of  yetirs  past)  t)ie  dip,  whero  positive  (uortli  end  dipping), 
la  decreasing,  or,  wliat  is  the  sniiie,  wliere  negative  (soutU  eud  dipping), 
is  iucreaaiiig. 

The  inagnotic  inlensifieH  given  below  are  all  tliat  eould  be  found  for 
tbfl  stations  visited  by  Mr.  Pruston. 

Tlie  observed  and  »sornpute«l  values  of  the  liorizoiital  component  (H) 
mid  for  the  tot^il  amount  (F)  of  the  inagnetiir  force  at  WankiiiffUin  will 
be  found  in  Appendix  No.  6,  Report  for  1885,  pages  150-155,  2(>7-;i71. 
To  thin  e{»tU><;tion  we  can  now  add: 


Year. 

H. 
in  Brit. 

.  units. 

H. 

in  dynes. 

1       F. 
in  Krit. 

F. 

in  dynes. 

Observers. 

i886'S 

i887'5 
1887(1 
1883-5 
.8897 

4-403 
4-406 

4'359 

OIOJI 

;   13194 

13-031 

1    iJ-ooO 
;    ij-oiS 

i 

06084 

o'6^ 
05997 
06007 

C.  A.  Schotl  and  1  At  Magnetic  ObBcrva- 
E.  1).  Prcslon   I     tory.onFiritsl.SK. 

J.B.  liuylorl  Al  Magnetic  slalion of  Uf- 
J.  B.  BBylor  /   tice;  Magnetometer  No.  3. 
E.  D.  Preston,  at  Magnetic  station  of  Of- 
lice;  Magnetometer  No.  II. 

St,  Vineetit  Island. 


\lZi 

6'Z62 

S-938 

ifi 

nil 

o-3<)SS  '■  ty,.il/fngtr  eipt<litioa. 

0-3696      K.  U.  Freston,  at  Porto  Crande. 

Cape  Toicn. 


1842 

445 

0-2053 

7-43 

o-342fi 

Belcher. 

lti44-5 

446 

<r.o56 

75' 

oi46( 

1845 

0-20S7 

7-50 

0'345S 

■845-5 

0-2077 

7-58 

At  Macnetic  Observatory. 

1857 

■873-9 

4-3'4 

0-1989 

7-704 

o-3SSa 

a.,//.-HX'r  e^pedition- 

P890I 

4- '55 

0-1916 

7-682 

0-3S4J 

E.  D.  I'rcslun,  at  Observatorj. 

1840 

5-66 

0-2612 

6-oS 

0-280^ 

Ross,  at  [^ncwoud  ( )bseivalor7. 

596 

1840 

596 

0-2749 

0-2896 

Kois  at  Sisters  Walk. 

0-2730 

6-29 

Sraylbe,  at  Sisters  Walk. 

5407 

.8901 

4-960 

5795 

0-2671 

E.  D.  Preston, at  Loiignuud  Llbservnlory. 
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The  secular  arul  annual  vhamjeH  of  the  vuignetic  Jorce  at  stations  ocvnplnl 
in  eonnection  with  the  Eclipse  Krpediiion^  lf^S9-90,  etc, — ContimuMi. 

Ascension  Island. 


Year. 

11. 
in  Hrit. 

H. 

•    1 

in  dynes. . 

units. 

1842 

6-6 1 

0-3048 

1 86  J 

6-06 

02793 

1864 

6.29 

0-^902 

1876-2 

6.075 

0-2801 

1876-2 

6-125 

02824 

i890'2 

5-975 

02755 

1890*2 

5804 

0-2676 

V. 

in  Hrit. 

units. 


in  dynes. 


Obsen'crs. 


6-61  0-3048 

6-08     j  0-2803 

<>\>3     i  0*2918 

6-133  I  0-2828 

6-217  !  0--867 


Hclclier. 

H.M.S.  //cca/^. 

Rockebv. 

Challctii^ty  expedition,  at  Cieorj^etown. 

Cy;^///t7/j,v;-ex].>editi;>n,atGreen  Mi>untain. 
6.101       (V28i^  j   K.  1>.  I'reston,  at  (jeorj^etown. 
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We  note  a  systiMuatic  docveiuse,  both  in  tlit^  liorizoiital  (*oni])oiuM)t 
and  ill  the  total  force,  between  the  latest  date.^  at  the  following  places: 
At  Barbados,  at  the  Cape  Verde  Islands,  at  Asceusiou  Ishnid,  at  St. 
Helena,  and  at  Cai)e  Towu. 
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INTRODUCTOKY  NOTE. 

The  general  plan  and  object  of  these  maji;netic  observations  has  boeu 
explained  in  the  preceding  Parts  I  and  II,*  and  the  instminents  both 
for  absolute  and  differential  measures  have  there  been  describtul.  The 
present  or  third  part  deals  with  the  reduction,  analysis,  and  discussion 
of  the  hourly  measures  of  the  horizontal  forc<^  from  continuous  photo- 
graphic registration  during  seven  years  by  an  A.die  inagnetograph. 
The  method  of  reducticm  biang,  cwtena  paribus^  the  same  a^s  that  ciii- 
l)loyed  in  Part  II  for  the  differential  measures  of  tlie  declination,  no 
further  exposition  of  it  will  here  be  needed. 

THE  BIFILAB  MAGNETOMETER. 

The  adjustment  of  this  instrument  has  n'liuiiued  undisturbed  t  from 
the  time  it  was  set  up  to  the  close  of  the  observations,  and  its  scale 
value  was  determined  at  least  once  a  year.    The  magnet  aiul  ap- 

•  IT.  S.  Coast  and  Gemletic  Survey  Report  for  IKSS-'W,  Appendices  Nos.  8  and  9. 
t  Excepting  a  small  change  on  February  13,  1889. 
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SvituKu  of  the  differential   mea^urea  of  the  horizontiil   httrnxity  from 

observationH  recorded  at  Los  Angeles,  CaL 

pendages  were  auspeiided  by  two  threiuls  each  composed  of  six  single 
silk  libers.  The  scale  is  mounted  on  the  reading  telescope,  and  ia 
exactly  like  the  scale  of  tlie  unifilar  magnetometer;  it  is  i)laced  with  the 
zero  division  towards  the  north,  hence,  with  tlie  five  liundredth  (or 
last)  division  towards  the  south,  the  numbers  as  seen  through  the 
telescope  appear  erect  and  increase  from  left  to  right. 

Tlie  magnet  is  susiwnded  in  the  magnetic  ]u*ime  vertical  with  its 
north  (seeking)  end  to  the  west,  and  increasing  scale  readings  indicate 
a  movement  of  the  west  (or  north  seeking)  end  of  the  magnet  towards 
the  north,  hence  correspond  to  iiicreasing  horizontal  force. 

The  susx>ension  thread  consists  of  double,  untwisted,  raw  silk  fiber, 
of  six  parts;  the  length  is  14'1  inches,  or  35*81*^".  The  distance  between 
the  suspension  fibers  at  the  upper  end  is  0*242  of  an  inch  or  0-C15''™, 
and  at  the  pulley  of  the  lower  end  ()*374  of  an  inch  or  0-950«"\ 

The  torsion  head  of  the  bifilar  is  exactly  the  same  as  that  of  the 
unifilar  in  size  and  gnuluation. 

The  angular  value  (a)  of  a  division  of  the  scale  is  found  as  follows : 
Length  of  a  division  of  the  scale,  I  =  0*0197  of  an  inch  or  0-05*^"»,  front 
edge  of  rim  of  scale  to  mirror,  41 '38  inches;  or  105*10o<^"V;  thickness  of 
rim,  0-0()5  of  an  inch  or  0'165®™;  two- thirds  of  thickness  of  mirror, 
0-007  of  an  inchor  0'170<'™;  hence  r  =  105*44*^"»,  which,  when  multiplied 
by  cos  2^^  in  consequence  of  slant  measure,*  becomes  105*32*^™. 

a  =  3437*75  ^-  =  0'*8160,  which  has  been  adopted. 

To  det-ermine  the  corresponding  space  on  the  cylinder  through  which 
the  luminous  dot  will  move,  we  have  given :  the  dfstsmce  from  recording 
cylinder  to  face  of  mirror,  57*84  inches  (146-91*™)  +  two-thirds  thickness 
of  mirror,  0-007  of  an  inch  (0-170*^"^)  =  147-08  ^^)  hence,  corresponding 

space  on  cylinder  = — ITj^  •^? —  =  0-00982*^*"  or  100  scale  di\ision8 

equal  t-o  C-98*="  measured  perpendicularly  to  the  base  of  the  bifilar 
trace. 

SCALE  VALUE  IN  TERMS  OP  THE  HORIZONTAL  PORCB. 

For  determining  the  value  of  a  scale  division  in  terms  of  the  force, 
thre^  methods  are  available;  they  have*  all  been  employed  at  Los 
Angeles  with  closely  concurrent  results. 

First  method  {torsion  angle), — By  this  method  we  have  the  scale  co- 
efficient Ic  expressed  in  parts  of  the  horizontal  com[)onent  H  of  the 
force  given  by 

fc  =  -^  =  a  (»'  —  n)  Qot  V 


*Mr.  Baker  points  out  that  the  incUuatiou  of  the  8ca1e  to  the  horizon  til  phmo 
passing^  through  the  center  of  the  mirror  Hhonid  be  tukon  into  arc?onnt  in  tho  value 
of  Ty  iu  the  case  of  the  hifilar  us  well  as  of  tlu'  unililar.  The  srale  is  2  inches 
(5*06^m)  above  this  plane,  an<l  the  angle  is  about  22^. 
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where  a  =  the  value  of  one  division  of  the  scale  in  radians 

=  mM5  =  0-00023737 

n'  and  n  =  any  two  scale  readings,  and 

V  =  angle  of  planes  of  detorsion  (in  the  magnetic 
prime  .vertical)  and  of  suspension. 

First  determination  made  on  September  21, 1882,  M.  Baker,  observer. 
The  bitilar  magnet  was  first  suspended  in  the  magnetic  meridian  and  the 
plane  of  detorsion  likewise  was  placed,  by  trial,  into  the  same  plane; 
the  torsion  head  then  ro^  60°  30'.  A  rei)etition  of  this  operation  on 
the  next  day  gave  60^  32' -5;  the  scale  read  254*4.  The  magnet  was 
then  removed  and  a  brass  weight  (to  weigh  the  same  as  the  magnet) 
inserted  in  its  place;  the  scale  then  read  126*0;  the  difference,  128'4,  or 
its  angular  value  0'816  x  128*4  =  1^  44' '8,  is  the  angle  betw^een  the 
magnetic  meridian  and  the  plane  of  detorsion;  the  latter  plane  lies 
consequently  N.  1^  44'  '8  W.  from  the  magnetic  meridian.  The  plane 
of  detorsion  when  in  the  magnetic  meridian  reads,  therefore,  at  the 
torsion  head  CO^  32'  -5  +  lo  44'  -8  =  62o  1 7'  -3.  The  bitilar  magnet  was 
next  put  in  position  with  the  torsion  head  to  read  207^  00',  henc« 
we  have  90o  +  t?  =  62o  17'-3  +  360o  O0'-267o  O0'  =  155o  17'-3  and 
V  =  650  17'-3. 

Putting  wV—  w  =  1  for  one  division,  we  get 

k  =  0-00023737  cot  65©  17'  -3  =  0-0001092. 

Second  metkod  (by  weightit). — By  this  method  we  as<*ertain  the  change 
of  scale  readings  by.the  addition  of  a  given  weight,  say  of  lijj  part  of 
the  combined  weight  of  the  magnet,  stirrui),  pulley,  mirror,  and  J  sus- 
pension. On  August  30,  1882,  the  weight  of  magnet  and  ap])endages 
was  found  to  be  1  730  grains  (112-10  grammes),  and  the  weights  of  the 
two  small  brass  weights  were  actually  or  ostensibly*  the  jj^  part 
of  this. 

The  pulley  used  was  the  middle-sized  one.  On  September  22, 1882,  a 
set  of  observations  was  made  with  weights  alternately  off  and  on,  with 
the  mean  effect  of  a  diminution  of  the  scale  reading  with  weight  on  of 
91-08  scale  divisions;  hence 

*  =  ^^^  =  0K)001098 

TJiird  method  (by  deflections), — For  this  a  special  apparatus  is  pro- 
vided. A  deflecting  magnet  D,  held  horizontally  in  the  magnetic  merid- 
ian, is  placed  consecutively  at  a  given  convenient  distance,  and  end  on 
to  the  north  and  to  the  south  of  the  middle  of  the  bitilar  magnet,  and 
the  deflections  of  the  latter  are  observed;  it  is  next  placed  horizontally 

*  The  particalar  puUey  referred  to  is  not  specified,  but  the  weigher,  Mr.  J.  J.  Clark, 
Oflioe  of  standard  Weight^}  and  Measures,  was  to  use  the  medjuiu-sized  one.— [Scu.] 
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Results  of  the  (lifferenllul   wrasitres  of  the  horizontal  intrnHitt/  from 
ohHervations  revorded  at  Lou  Amjcles^  Cat. — Con  tinned. 

in  the  magnetic  x)nme  vortical,  end  on  to  the  middle  of  the  unitilar 
magnet  and  at  the  same  distance  from  it,  as  in  the  case  of  the  bifllar 
magnet  to  the  east  and  west  of  it,  and  the  deflection  of  the  nnitilar 
magnet  is  noted.  Let  n  =  nnmbcr  of  scale  divisions  which  the  bifthir 
is  deflected  and  u  =  the  angle  throngh  which  the  uuiflhir  is  deflected, 
then 

tan  u 

On  September  22, 1882,  a  set  of  deflections  was  made  at  a  distance 
of  1  foot  and  11  inclies,  or  58-12"",  and  it  was  found  that  n  =  148-77 
scale  divisions  and  w  =  68-82  scale  divisions  =  (i8-82  x  0'-794  =  54'  38"-6j 
therefore 

Jl  =  *'-J^^-4'^-«=  0-0001069 

RECAPITULATION  OF  VALUES  DETERMINED  SEPTEMBER  22,   1882. 

First  method  (torsion )         k  =  0()001002  ) 

Second  method  (weights)  1098  [  mean  value,  0-0001086 

Third  method  (deflections)  1069  ) 

It  w^as  deemed  nnnecessary  to  give  in  detail  the  observations  for 
scale  values  subsequently  made;  they  were  all  by  the  method  of  de- 
flections and  at  three  distances  between  the  extremes,  2-000  and  1-833 
feet*  (60-96  and  55-87*^'"),  the  accord  in  the  results  by  the  several  dis- 
tances is  so  close  that  we  only  present  here  the  mean  valuer. 

Synopsis  of  results  for  value  of  one  division  of  scale  of  the  bifilar^ 

expressed  in  parts  of  the  horizontal  forvii. 


1 
Year. 

Month  and 
day. 

Observer. 
M.B. 

k 

Remarks. 

i88i 

Sept.    22 

0*0001086 

Mean  from  3  methods. 

1882 

Oct.      31 

M.  H. 

1094 

Mean  from  2  methods. 

1883 

Auk.       > 

M.  B. 

1082 

3  sets  of  deflections. 

1884 

July      22 

M.  n. 

1086 

a      ((     t(                  it 

1885 

July        I 

C.  T. 

1 102 

ti      <<      ««                  <« 

1886 

June     25 

C.  T. 

1089 

«<      ((      ((                  l< 

1887 

Jan.        4 

C.  T. 

ICK)4 

♦  «       M       ««                     M 

1887 

June     24 

R,  K.  U. 

10.9 

<«      <(      «                    «« 

1887 

Dec.     29 

R.  E.  H. 

1097 

<i       «      («                     f< 

1888 

June     26 

K.  K.  II. 

1 101 

((       «       «(                     <f 

1888 

Dec.     20 

R.  EJL 

109S 

(4        <t        ((                          «( 

1889 

Oct.        I 

R.E.I  I. 
Mean 

1091 

t«       ti       M                    « 

0-0001093 

+  1 

*  The  deflectmg  magnet  pulls  the  bifllar  muguet  entirely  off  the  tscalo  at  a  Uistano^ 
of  I'TB  feet. 
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which  vahie  ha^  been  adopted.  The  vaUio  of  I'  is  prar.tically  coustant 
throiigliout  the  period  of  observations,  and  wouhl  also  indicate  that 
there  was  no  appreciable  loss  in  the  magnetic  moment  of  the  bifilar 
magnet. 

The  reading  of  the  traces  was  effected  similarly  to  the  method 
employed  for  reading  the  unifilar  trsices;  the  hourly  tabulation  of  the 
readings  uncorrected  for  effect  of  changes  of  temperature  was  made  by 
the  respective  o^^servers.  Interpolations  were  made  by  me  by  the 
method  already  indicated,  and  such  values  are  given  within  bra<5kets. 

DETERMINATION  OF  THE  TEMPERATURE  OF  THE  HORIZONTAL  AND 
VERTICAL  FORCE  MAGNETS  AND  METHOD  OF  REDUCTION  OF  OB- 
SERVATIONS TO  A  UNIFORM  TEMPERATURE.* 

For  determining  tha  correction  which  the  tabulated  scale  readings  of 
the  horizontal  and  vertical  force  magnets  reciuire,  the  following  provi- 
sions were  made:  (1)  Under  each  bell  glass  near  to  and  parallel  with 
the  magnets  were  placed  standard  mcnjurial  (centigrade)  thermome- 
ters and  read  daily  at  stated  times.  (2)  In  the  northwest  corner  of  the 
magnet  room,  on  a  shelf  about  a  meter  above  the  iioor,  was  plax^ed  a 
clock  and  thermograph,  as  devised  by  Mr.  Werner  Suess,  mechanician 
to  the  Survey,  for  continuous  automatic  record  of  the  temperature  of 
the  room.t  This  arrangement  consists  in  a  device  whereby  a  needle 
point  is  moved  with  variations  of  t43mperature,  and  depending  upon  the 
inequality  in  the  coefficients  of  expansion  of  zinc  and  glass,  along  the 
surfiK^e  of  a  revolving  cylinder,  around  which  is  wrappinl  a  sheet  of 
soft  paper.  Every  half  hour  the  clock  automatically  closes  a  circuit 
acting  upon  an  electromagnet,  by  means  of  which  the  needle  point  is 
made  to  prick  a  hole  in  the  paper.  With  unvarying  temperature  these 
holes  are  found  in  a  straight  line,  but  with  varying  temperature  they 
form  curves,  the  amplitudes  of  which  are  proportional  to  the  variations 
of  t<Mnperature.  The  clock  was  placed  in  position  in  October,  1882, 
and  regular  observations  commenced  November  5,  1882.  From  an  in- 
spection of  the  curves  produced  it  became  evident  that  the  magnet 
room  was  coldest  at  about  8  a.  m.  and  warmest  at  about  5  p.  m.  On 
February  1, 1883,  systematic  observations  of  the  temperatures  indicated 
by  the  thermometers  under  the  bell  glasses  at  about  these  hours  of  the 
day  were  commenced,  thus  furnishing  comx>lete  data  for  the  tem])era- 
ture  corrections.  After  reaching  Washington  in  September,  1884,  Mr. 
Baker,  with  the  aid  of  Mr.  J.  W.  G.  Atkins,  set  to  work  to  tabulati^  the 
thermograms  and  to  deduce  the  mean  daily  and  hourly  temperatures 
of  the  magneto.  From  several  measures  by  himself  and  Mr.  Terry  it 
was  found  that  on  the  time  scale  (a  Grerman  silver  ruler)  4'648  inches 


*Thi8  paragniph  is  taken  from  Mr.  Baker's  record  witli  but  sliji^ht  modification. 

t  A  description  and  drawing  of  tlie  instrnmont  is  on  lilo  in  tlu»  Office,  vide  Mr. 
Sucsh's  report  of  .January  7,  1S8;{,  to  the  Superintendent,  on  the  mounting  and  adjust- 
ing of  the  Adie  magnetograph  at  Los  Angeles. 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
obHervations  recorded  at  Los  Angelas j  Cal. — Continued. 

or  ll'Sl  cjn.  ropn^euted  24  hours.  The  ordinate  scale  consists  of  a 
triangle  of  German  silver  graduated  into  equal  (but  arbitrary)  spaces. 
This  unit  space  was  J  of  an  inch  (.3175  cm.),  and  it  was  subdivided  in 
halves.  The  numbers,  each  of  ^e  of  ^^^  inch,  range  from  7  at  the  base 
to  36  at  the  top  of  the  triangle,  and  in  reading  the  fifteenth  line  of  the 
scale  was  made  to  coincide  with  the  base  line  on  the  thermogram. 
With  this  arrsingement  increamng  numbers  correspond  to  diininishing 
temperatures.     Tenths  of  divisicms  were  estimated. 

Todetermine  the  mean  daily  and  mean  hourly  temperatures  of  the 
force  magnets  from  this  tabulation  the  observer  proceeded  as  follows: 

Let  Si  S2S3 «24  be  the  scale  readings  at  the  hours  1,  3,  3 24 

and  Sn  the  mean  scale  reading  of  the  day  =  2V  («i  +  «2  +  *3  + '^24)  5 

let  <i  /^  #3 ^24  be  the  temperature  of  the  bifilar  (or  vertical  force) 

magnet  at  the  hours  1,  2,  3 24  and  <„  the  mean  daily  temperature 

or  7^  (^1  +  <2  +  fe  + ^24),  of  whi(!h  ta  and  tn  are  the  only  values  ob- 
served; then,  assuming  the  variations  of  the  scale  readings  to  be  pro- 
portional to  the  changes  of  temperature,  we  have 

{tm  —  ta)  :  («i7  -  t^)  =  {s^  -  Ss)  :  {Sn  -  8s) 

Whence  /„,  =  ^«  +  (t^  -  tn)  ^"^  ""  -*« 

in  degrees  centigrade. 

From  this  fornmla  the  mean  daily  temperatures  of  the  force  magneto 
may  be  computed. 

To  determine   the   mean   hourly  temperature  for    each  month j  let 

Si  S2  S3 be  the  mean  scale  readings  for  a  month  at  the  resi>ective 

hours,  and  Su  the  general  symbol  for  any  hour;  also  let  Ti  T2  T3 

be  the  mean  temperatures  for  a  month  of  the  bifilar  (or  vertical  force) 
magnet  at  the  res[)cctive  hours  and  Th  the  general  symbol  for  any 
hour;  then,  as  before, 

T,  =  TB+(Sh-S«)  Jil^« 

where  c^-^-^J  is  constant  for  any  one  month. 

on  —  og 

The  hourly  tabulation  of  the  thermograph  and  the  bi-daily  readings 
of  the  bell-glass  thermometers  were  continued  up  to  May  10,  1885, 
when  the  thermograph  was  discontinued  in  c^>nsideration  of  the  fact 
that  the  daily  range  of  the  temperature  of  the  magnets  was  quite 
small  and  the  law  of  its  hourly  variation  well  understood. 

As  it  would  serve  no  particular  ])urpose  to  encumber  this  report 
with  the  hourly  record  of  the  temperature  of  the  magnet,  it  will  suffice 
to  present  here  a  table  showing  the  diurnal  variation  of  the  tempera- 
ture of  the  magnet  for  the  monthly  averages.  The  table  was  taken 
from  the  observer's  computation. 
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Abstract  of  mean  hourlt/  temperature  of  the  Injitar  magnet. 

[In  d('^oert  i-cnt'igra<Uv] 
1883. 


I 

2 

3 
4 

5 
6 

7 
8 

9 
lo 

ti 

Noon. 

«3 

'4 

15 
i6 

n 

i8 
19 

20 
21 
22 

23 

Midirt. 


Jan.      Feb.    Mar.    Apr.    May.  June.  July.    Aug.     Sept.     <  )ct.      Nov.     Dec. 


i8'55  2171   21- 1 2  2336  2690  2877  29*02 

18-40  2162  20*98  2328  26*79  28-65  28*87 

18-26  21*55  20-88  23*20  2670  2857  28-75 

18-15  21-46  2o-8i  23-16  26-61  28-49  28*65 

18-06  21-40  20-71  23*09  26*54  28-42  28*55 

17*98  21*32  20-62  23-07  26-47  2837  28*45 

17-90  21*28  20*56  2306  26*45  28*34  28*42 

17-86  21*27  20-58  23- 1 6  26-56  28-36  2847 

17*91  21*33  2072  23*31  2675  28-44  28*62 

18-19  2151  20*98  23*55  27*  12  2869  28*97 


18-35  21*57  2 
18-65  21-67  2 

18-90  21*82  2 
19-15  22-01  2 
19-36  22*  16  2 
19-52  22-28  2 
19-63  22*33  2 
19*68  22*36  2 

19-64  22*32  2 
19-51  22*23  2 
19*36  22*11  2 
19-17  21*99  2 
i8*99  21*87  2 
18*80  21-75  2 


-09  23-63  27*21  2881  29*18 

25  23*76  2732  2902  2945 

•45  23*89  27*49  29*28  29*71 

•64  23*99  27*65  2951  29*99 

-75  24*03  27  74  29-64  30-17 

*86  24*11  2782  2974  30*26 

*92  24*13  2789  29*80  '3034 

•99  24*15  2799  29*83  30*40 


•97 
89 

•75 

•59 

•44 
-27 


2413 
24*03 

23*92 

2376 

2362 

234*^ 


2803 
27*95 
27-78 
27-59 
27-40 

2723 


29*85 

2975 
2953 
29-29 

29*07 

28-90 


30*40 
30*26 
30*01 

2974 

2953 
29-31 


30-28 
30*18 
30-06 
2997 
29-90 
2983 

29*79 
29-77 
29*85 
30*02 
30-14 

3035 

3063 
3085 
31*02 

3i>5 
3125 

31*29 

3«i3 

30-89 

30*66 
3048 
3030 


2533 
2524 

2518 

2513 

25-09 

2507 

25  07 
25-10 
25*21 

25*39 

25-48 
25*63 

25-79 
2592 
2602 
2608 
26*14 
26*22 

26*15 
26*00 
25-81 
25-63 

2549 
2534 


2317 
2303 

22*93 

2285 

22-76 
22*67 

22*6l 
22*56 
22*57 
22*77 

22-92 

2314 

23-45 

23-75 

23-97 
24*15 

24*29 

24*35 
24*25 

24*08 

2389 

23*68 

23*46 
23*29 


21*99 
21*84 
21*74 
21*62 

21*52 

21*42 

21*31 
21*22 

21*19 
21-30 
21*45 
21*71 

21-99 
22-23 

22*48 

22*65 
22*80 
22*84 

22*77 

22*62 
22-46 
22*30 

22-12 
21-97 


Mcan.s. 18*75  21-79  2128  23-62  27-25  2905  29*40   30*46    25-5<>    23-36    21-98 
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Eesults  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles^  Cal, — Contiuued. 

Abstract  of  mean  hourly  temperature  of  the  bifilar  magnet. 

[In  degrees  centigrade.] 
1884. 


Ix)cal 
hours. 

Jan. 

Feb. 

Mar. 

Apr.    May.  Tune.    July.   Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0 

0 

0 

00000 

0 

0 

0 

0 

I 

2oo8 

20*54 

20*89 

21-02  23-08  25-69  28-37  29-40 

27-26 

24*86 

2333 

21-08 

2 

19-93 

20-45 

20*78 

20-93  23-00  25-60  28*24  29*29 

27-11 

2475 

23-22 

20-99 

3 

19-80 

20-42 

20*67 

20*87  22*96  25*51  28- 1 6  29*17 

27-00 

24-65 

23-13 

20-91 

4 

1970 

20-34 

20-61 

20*79  22-92  25-43  28-05  29-12 

26-91 

24-55 

23-06 

2083 

5 

1964 

20-27 

20-53 

20-72  22-87  25-37  27*95  29*01 

26-85 

2444 

22-98 

20-74 

6 

'9-57 

20*21 

20-47 

20-68  22-85  25*31  27-86  28*93 

26-80 

2432 

22-91 

20-65 

7 

19-49 

2014 

20-40 

20-63  22*84  25*28  27-81  28-86 

26-75 

24-24 

22-84 

20-57 

8 

1942 

2008 

20-41 

2067  22-88  25-34  27-85  28-89 

26*76 

24-19 

22-81 

2051 

9 

'943 

20*10 

20-44 

20-96  23-17  25*73  28*16  29-23 

26-93 

2435 

22-92 

20-52 

lO 

'957 

20*18 

20-68 

2 1 "45  23-32  25  76  28-25  29-29 

27-05 

24-47 

23-04 

20-68 

II 

1965 

20-27 

20-76 

21*45  23-34  25*84  28-37  29-41 

27*22 

24-65 

23-24 

20-87 

Noon. 

1988 

20-43 

20-89 

21-46  23-40  25-95  28-56  29-57 

27-41 

24-89 

23-50 

20-84 

U 

20*14 

20*61 

20-99 

21*55  23-50  26-03  28-72  29*74 

2758 

25-11 

23-80 

2 1  05 

14 

2043 

20-82 

2111 

21-64  23-61  26- II  28-91  29-93 

27-75 

25'3> 

24-13 

21-26 

15 

2067 

2100 

21-18 

21-71  23-69  26-16  2905  3005 

27*87 

25-47 

24-35 

21-45 

I6 

20*90 

21-18 

21*25 

21-76  23-77  26-22  2914  30  17 

2800 

25  60 

2455 

21-62 

17 

21-11 

21-29 

2130 

21-84  23-85  26-29  29-25  30-22 

28- 1 1 

25-71 

24*66 

21-74 

i8 

21-24 

21-40 

21*38 

22-00  23-95  26-40  29-38  30-29 

28-17 

25-79 

24-75 

21-87 

19 

2II8 

21-36 

21-38 

21-93  23*90  26-39  2935  30-25 

28-15 

25-75 

24-62 

2I-8l 

20 

2101 

21*23 

21-31 

21*81  23-80  26-33  29*25  30*17 

28-03 

25-60 

24-37 

21-64 

21 

20*77 

21-07 

21*21 

21-64  23*68  26-24  29-08  30-06 

27-88 

2543 

24-10 

21-47 

22 

2059 

20*94 

21-08 

21-47  23-56  26-10  28-90  29-89 

27*69 

25-23 

23-84 

21-30 

23 

20*43 

20-80 

20-95 

21-33  23-43  2597  28-72  29-73 

27-51 

25-06 

23*65 

21-14 

Midn't. 

20-27 

20-68 

20-82 

21-23  23-31  25*86  28-50  29*58 

2735 

2490 

2350 

21*01 

Means. 

20*20 

20'66 

20*89 

21*31  2336  25-87  28-58  2959 

27-42 

24-97 

2364 

2I-IO 

H.  Ex.  43,  pt  2 i 
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Abstract  of  mean  hourly  temperature  of  the  bifilar  magnet* 

1885. 


Local 
hours. 

Jan. 

Feb. 

March. 

April. 

o 

0 

0 

0 

I 

2o*6o 

22-14 

2394 

2490 

2 

20-45 

21-97 

2383 

24-78 

3 

20-37 

21-87 

237s 

24-68 

4 

2028 

21-79 

23-64 

24-60 

5 

20*21 

21-71 

23*59 

24-53 

6 

20*14 

21-59 

2353 

2448 

7 

20-04 

21-48 

2348 

24-42 

8 

1995 

21*41 

2349 

24-41 

9 

19-95 

21-37 

23-67 

24-60 

lO 

19-99 

21-48 

23*80 

2473 

II 

20-17 

21-70 

2396 

24-91 

Noon. 

20-42 

21-98 

24-21 

25-03 

Local 
hours. 

Jan. 

Feb. 

March. 

April. 

0 

0 

0 

0 

»3 

20-73 

22-29 

24*47 

2517 

14 

21-07 

22-61 

24-72 

2526 

15 

21*34 

22-89 

2484 

25*31 

16 

21*53 

2307 

24*93 

2538 

17 

21-70 

2327 

25-02 

25*41 

18 

2183 

23*44 

25-16 

25*45 

«9 

2177 

2342 

25-15 

25*45 

20 

21-56 

2324 

24*99 

25-42 

21 

21*33 

23-02 

24*77 

25*35 

22 

21-13 

22*76 

24-58 

25-22 

23 

20-97. 

22-55 

24*37 

25-12 

Midnighl 
Means. 

20-79 

2235 

24*20 

25*01 

20-76 

1 

22-31 

24-25 

24*98 

The  average  daily  range  of  the  k^mpei'ature  of  the  magnet  is  eb 
follows : 


In  January, 
February, 
March, 
April,  • 
May, 
June, 


1*85  C. 

1*74 
1-25 

1-28 

no 


In  July, 
August, 
September, 
(October, 
November, 
December, 


1*54  C. 

1-70 

1-49 

1-38 
1*86 

1*50 


Average  daily  range  during  the  year,  I^-.jOC.,  which  small  variation 
is,  in  a  great  measure,  due  to  the  equable  el i  mate  of  the  plaee  and  the 
protection  affordexl  by  the  double  walls  of  tlu»  observatory.  The  dif- 
ference of  the  mean  temperatures  of  the  warmest  and  coldest  mouth  is 
likewise  small,  viz,  0'^*2  0.,  on  the  average  dm*ing  seven  years. 

Temperature  coefficwnt  of  the  hijilar  magnet. — ^The  effect  of  a  change 
.of  temperature  of  the  magnet  on  its  magnetic  moment  was  determined 
in  two  ways :  First,  by  direct  observations,  alternat^ily  heating  and  cool- 
ing the  magnet;  and,  secondly,  by  extracting  fi-om  the  differential  series 
of  observations  themselves  the  required  temi)erature  correction. 

(a)  The  direct  observations  of  September  7  and  11, 1882,  by  means  of 
deflections  were  nitidein  accordance  with  "Directions  for  measurement 
of  t<5rrestrial  magnetism,''  Appendix  No.  8,  Coa^st  and  Geodetic  Survey 
Ile])ort  for  1881,  pages  155,  150.  The  bifilar  magnet  was  placed  south 
end  ejistward  in  a  copper  box  on  deflecting  bar  2  feet  east  of  the  uni- 
filar  magnet,  and  then  alternately  heated  and  <».ooled  by  means  of  warm 
water  and  ice.  Special  readings  for  changes  of  declination  during 
these  observations  were  made  with  Magnetomet^^r  No.  8,  but  these 
subsequently  proved  anomaltms,*  and  the  average  diurnal  law  of 
change  during  October  was  substituted  in  their  place,  retaining  only 
the  first  and  last  readings. 

*  Supposed  dne  to  the  development  of  torsion  in  the  suspension  while  the  temper- 
ature of  the  air  was  rapidly  changing. — Scu. 
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Results  of  the  differential  measures  of  the  horizontal  intensittf  from 
'  observations  recorded  at  Los  Angeles^  Cal, — Continaed. 

The  results,  however,  did  not  prove  satisfactory,  as  may  be  seen 
from  the  observations  of  September  ly  viz: 

Observations  for  temperature  coefficient^  q  =  -TZTtT  ^f  ^^  horizontal 

force  ma>gnet  September  7, 1882* 


[Obsen'ers:.  Baker  and  Saesa.] 

Local 
time. 

No. 

Read. 

of  Unif. 

Mag. 

Corr'n 

for 
diurnal 
change. 

Corr'd 

reading 

U.Mag. 

Temp. 
(Fahr.). 

n,    fn» 

d. 

d. 

d. 

11   OO 

I 

326*0 

-fo*i 

3261 

0 

12  OO 

127*1 

-4-1*6 

128*7 

35-8 

33 

2 

127-4 

-fi*7 

129*1 

49-5 

50 

3 

128*0 

+  1*8 

129*8 

530 

13  05 

4 

128*5 

+1-8 

130-3 

658 

24 

5 

128*8 

-fr6 

130-4 

715 

40 

6 

1297 

+1-3 

1310 

790 

50 

7 

130*2 

+  1*1 

131-3 

89*5 

:    14  06 

8 

130-4 

4-0-8 

131-2 

81*0 

1          22 

9 

1304 

-I-0-6 

131-0 

70-4 

36 

10 

130*2 

-fO-2 

130*4 

6o*8 

50 

II 

1304 

— O'l 

1303 

54-3 

15  05 

12 

130*6 

— 04 

130*2 

49*0 

35 

13 

1 

129-8 

—  1-2 

128*6 

33-0 

16  15 

3281 

—2*0 

3261 

Combina- 
tion. 

U.M. 

reading 

(mean). 

Temp. 
(Fahr.). 

n 

■ 

(Fahr.). 

=  57*'-47  C. 

1  and  13 

2  12 

3  " 

4  to 

5  9 

6  8 

7 

d. 
128*65 
129*65 
130-05 

130-35 

130*70 
13110 
i3»-30 

0 

34-40 
4925 
53-65 
63-30 

70-95 
8000 
8950 

d. 
-I-I-6I 
4-o*6i 

-fO-21 
—0-09 

—0*44 
—0*84 
— 1-04 

0 

+28*61 
+  13-76 

+  936 

—  0*29 

—  794 
— 1699 

—26-49 

Means. 

130*26 

63-01 

2t 
4-84 

2f 
103*44  = 

t  All  valaes  of  n  and  of  (— e»  being  taken  iKwitire. 

^  d.  d.  o     ^ 

fi  =  o794(326-i  — i3o*26)  =  2  35*5 
a  =0*794/3437-75  =  0-000231 
.•.^==0-000430 

and  J  =  3-95  scale  divisions  of  the  horizontal  force  instrument 
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Tliis  value  ia  rather  large,  and  the  observations  of  September  11  give 
a  still  larger  value  for  q/kj  nearly  7  scale  divisions;  neither  set  was 
satisfactory  to  the  observer,  hence  we  have  rec/)ur80  to  the  method — 

(h)  Determination  of  the  value  of  q  from  tlie  differential  observations 
themselves.  This  is  the  better  method,  as  it  t>akes  in  all  circumstances 
attending  changes  of  temperature  and,  in  particular,  changes  in  sus- 
pension of  magnet.  For  this  purpose  the  series  ft'om  February,  188.'i, 
to  April,  1885,  was  8ele<».ted  as  the  interval  for  which  the  temperature 
of  the  magnet  was  best  known.  The  photographic  traces  were  then 
examined  and  the  dates  noted  when  the  traces  were  smooth  and  appar- 
ently normal.  The  daily  mean  temperatun*.  (/„,)  corresponding  to  these 
quiet  days  and  their  daily  mean  scale  readings  («„,)  were  tsibulatod  for 
each  month,  and  a  value  for  q  deduced  as  follows:  The  monthly  data 
were  arranged  in  two  groups,  one  of  days  with  mean  temperature 
above,  the  other  with  mean  temperature  below  the  average;  for  each 
group  the  mean  temperature  {t)  and  the  mean  scale  readings  («)  were 

taken;   hence,  g  =  -p?  in  scale  divisions,  for  1°  0.    The  following  ex- 
ample  will  show  the  process: 

OCTOBER,  1883. 


Date. 

•m 

<m 

Group. 

Date. 

«m 

im 

Group. 

d,       . 

0 

.    d. 

0 

I 

31503 

28-49 

I 

23 

3»8-32 

2681 

I 

2 

31604 

2676 

I 

24 

32  TOO 

26*46 

I 

3 

31938 

27-07 

I 

27 

32570 

24-00 

11 

7 

32238 

24-82 

II 

28 

32900 

23-42 

H 

8 

32238 

2514 

II 

29 

328-32 

2445 

11 

9 

32173 

2S73 

I 

30 

323-38 

2558 

11 

10 

322-10 

2578 

I 

31 

32440 

2531 

II 

II 

321-59 

26*04 

I 

- 

21 

3 « 9*43 

25.22 

II    * 

Mean. 

2566 

22 

31975 

25*14 

II 

d.  o 

For  Group  I  we  have  »=3 19-40  and  t=  26*64  C. 
For  Group  II  we  have       323-86  24*79 

A»=    4-46     A<-=  «-85 
hence  q=     2*41  divisions. 

The  number  of  quiet  days  in  a  month  vary  from  8  to  19;  but  two 
months,  June  and  July,  1883,  failed  to  give  admissible  values  for  q,  viz, 
6*5  and  4'7,  which  are  abnormally  large  and  were  rejected. 


Becapitulatian  of  resulting  values  for  q. 


Feb.  1883, 

Mar. 

Apr. 

May 

Aug. 


d. 

d. 

2-57 

Sept.            2*93 

2*86 

Oct.           '  2-41 

3*41 

Nov.             2*81 

3*00 

Dec.             3-00 

1-37 

Jan.  1884,    2*47 

d. 

d. 

d. 

Feb. 

309 

July 

2*00 

Dec.            2-04 

Mar. 

2-57 

Aug. 

2-31 

Jan.  1885,    I  71 

Apr. 

173 

Sept. 

175 

Feb.             1-66 

May 

1*67 

Oct. 

234 

Mar.             2*68 

June 

313 

Nov. 

373 

Apr,             a-70 
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KesulU  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles^  CaL — ^Continued. 

Mean  of  25  values  q=:2*48±0*08  scale  diyisions,  which  value  has 
been  adopted;  it  is  equal  to  0-000  2(>9± -000  009  part  of  the  horizontal 
force.* 

Tlie  next  step  in  the  reduction  consisted  in  the  application  of  a  cor- 
rection to  each  hourly  scale  reading  for  diflference  in  temperature  of  the 
bitilar  magnet  from  an  adopted  mean  or  standard  temperature  To,  for 
which  we  take  23o*C  C,  as  derived  froili  the  monthly  mean  values  lor 
temperature  of  tlie  intensity  magnets  during  seven  years  and  given  in 
the  following  table: 

Monthly  mean  values  of  the  temperature  of  the  bifilar  and  the  bal- 
ance magnets  derived  from  the  readings  of  the  thermometers  under  the 
bell  glasses  of  the  magnetometers,  1882-'89. 


Month. 

Bif. 

Bal. 

Diff. 

Month. 

Bif.     Bal.     Diff. 

o 

0 

0      1 

000 

( )ctober. 

254 

247 

07 

April. 

22*2      21-6      0*6 

Noven^ber. 

22*9 

22*2 

07 ; 

May. 

23-6      22*9      07 

December. 

21-2 

20-6 

0-6 

June. 

260      25-3      07 

January. 

19-6 

1 8*9 

07 

July. 

28- 1     27*3     0-8 

February. 

20*I 

194 

07 

August. 

288    280    0-8 

March. 

21'2 

20-5 

07 

September. 

28-4    276    0-8 

23-90  0. 
23-25 


Average  annual  temperature  of  bifilar  magnetometer 
Average  annual  temperature  of  balance  magnetometer 

Mean,  To  23-00  C. 

The  constant  difference  (O^'l)  between  the  temperatures  of  the  mag- 
nets is  due  to  the  circumstance  that  the  bell  glass  of  the  bifilar  instru- 
ment was  high  and  received  more  heat  from  radiation  of  the  lami)S 
than  the  low  glass  cover  of  the  balance  magnetometer. 

To  reduce  the  scale  reading  (s)  corresponding  to  a  temperature  (f)  of 
the  magnet  to  what  it  would  be  if  the  magnet  were  at  the  standard 
temperature  To,  we  have,  accordingly,  the  correction,  J«  =  2-48(^  — 
T«),  which  corre<;tion  has  been  ai)plied  to  the  tabular  hourly  readings 
for  the  whole  seven-year  series. 

This  important  but  laborious  work  was  entrusted  to  Mr.  L.  A.  Bauer, 
and  such  aid  given  him  as  could  be  had  at  the  time.    A  full  account  of 

*Aft<»r  the  instrnment  bad  beeu  traDrtferrod  to  San  Autouio,  Tex.,  AsHlstant  A. 
Braid  made  two  sots  of  direct  observatiuus  for  q  by  moans  of  deflect iou8  and  with 
readingif  of  a  nnifilar  magnet.  February  19,  1890,  from  11  readings,  extending  over 
6  hours,  and  temperature  changes  of  the  bifilar  magnet  betwt^en  2^  and  50^  C,  he 
found  q=0000193;  again,  on  February  2i,  1890,  from  21  readings  during  8  houi-s 
and  with  temperatures  varying  from  0^*5  to  41^  C,  he  found  q— 0000240  part  of  the 
horizontal  force.  This  wouhl  indicate  that  our  adtipted  value  is  within  the  limits 
of  uncertainty  incidental  to  direct  observation. 
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tlie  detail  ot*  this  process  will  be  fouad  iu  the  footnote*,  and  appears 
over  his  own  signature. 

*  Hifductian  of  bifilar  acale-readings  to  standard  temperature,  SS^'GC, — We  hav6  from 

above,  the  correction : 

A » =2-48  (e— To)  .  .  .  (1) 

As  the  hourly  thermogram -readings  tabulate<l  by  the  observer  are  not  given  in 
degre4's  centigrade  but  in  arbitrary  scale-divisions,  it  was  found  most  convenient  to 
express  To  =  23'^*6C.,  as  nearly  as  could  be,  in  thermogram  scale-divisions  and 
]^dttpt  formula  (1)  accordingly. 

Let  ni  =  value  of  one  thermogram  scale-di  vision  iu  degrees  centigrade,  •{'  »i'  s%  . .  •'^4, 
the  hourly  thermogram  scale-readings,  and  SJ  =  To  expressed  in  thermogram  scale, 
divisions,  then  we  have  <  =  m«' and  To  =  miVy  substituting  which  iu  equation  (1) 
there  results : 

A»  =  2-48m(«'— 80')  .  .  .  (2) 

To  find  m  and  So'  we  proceed  as  follows : 

If  ^  and  tx-i  be  the  readings  of  the  ceutigra<le  thermometer  under  the  bifilar  bell- 
glass  at  the  hours  of  8  and  17,  »'%  and  «'i7,  the  corresptrndiug  thermogram  scale-read- 
ings, and  assuming  that  the  variations  of  the  thermogram  readings  are  proportional 
to  the  changes  iu  teuiperature  of  the  magnet,  we  have: 

To— fa:  <i7—  tt  ::  So'  — •«'  :  «'i7  — V 


or 


and  as 


8J 


m  = 


a«.'-KTo-<8)*;^-"*/ 

•17  —  *• 

*'l7 «  8 


80' 


»'8  +  ^^^23-'6-e.) 


(3) 


For  every  day  on  which  the  thermograpli  was  operateil  and  reelings  of  the  ther- 
mometer imder  the  bell-glass  taken,  we  shall  have  one  value  of  m  and  one  of  So'. 
This  was  done  from  February  1, 1883,  to  May  9,  1885,  inclusive,  or  828  days  (one  dav 
having  been  missed,  viz :  February  14,  1884).  Only  the  mean  monthly  values  wero 
computed,  however,  as  it  was  found  that  the  daily  values  were  subject  to  consid- 
erable variation,  chiefly  due  to  variability  of  baae  line  of  thermogram,  necessitating 
a  small  daily  correction  to  any  mean  value  of  m  and  80'  that  might  be  adopted* 
hence,  only  approximate  values  were  wanted. 

The  mean  monthly  values  are: 


Month. 


1883 
Jan. 
Feb. 


Mar. 

Apr. 
May 


Tune 

July 

Aug. 

Sept. 

Oct. 


tn 


»-65 


S.' 


d 

•  •  •  • 

«7'5 


Month. 


•71     i8'3 
•76     i8*7 


■76 

■83 

•79 

'77      «9*3 

■75     «8-9 


IQ'O 

i8-7 
19*0 


1883 

Nov. 

Dec. 


;  1884 

•69     i8*7  I    Jan. 


Feb. 
Mar. 


Apr. 
May 
June 
July 


r 


M 


S.'     Month.'      M 


—0*76 
•67 


d 
i8-a 
17-9 


•74     i7'7 
'78     18-0 

•75     »8-3 


•68  17-8 

•67  x8o 

•68  It  5 

•67  19-6 


Mean.    18*4 


Oct. 

Nov. 

Dec. 

1885 
Jan. 
Feb. 
Mar. 
Apr. 
May 


1884    I       ° 
Aug.  I  4-0-76 
Sept.  :         68 


•7t 
•69 
•74 


•73 
76 

•73 
74 

•79 


[Of°affij 


ii'i 
107 


10*9 
II-5 


xx^6 
1x6 

"•4 
ix^x 
II'I 


o'73     xi'a 


From  February,  1883,  to 
July,  1884,  inclusive,  de- 
creasing scale- readings 
correspondetl  to  increas- 
ing temperatures,  but  iu 
August,  1884,  the  base 
line  was  changed  so  that 
increasing  scale- read- 
ings corresponded  t4)  t  jt- 
ereaaing  tempenituree. 
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Be&ults  of  the  differential  measures  of  the  horizontal  intentnty  from 
observations  recorded  at  Los  AnyeleSy  Cal, — Coutiuued. 

We  adopt  theu : 


February,  1883-July,  18*4 
AugUAt,  1884-May,  1885 


m 

So' 

o 

d 

—0-73 

18-4 

+  0-73 

11-2 

Substituting  these  vuliieH  in  equation  (2),  we  get: 


Feb.,  1883-July,  1884 
Aug.,  1884-May,  1885 


A  S  =  — 2-48  X  0-73  («'  — 18-4)=  — 1-8  («'  — 18*4)      i        .^. 
AS  =  2-48-f  X  0-73  (»'  — 11-2)  =  +  1-8  («' —  11-2)      s" 


The  correction  obtained  from  these  equations  constitutes  the  primary  temperature 
correction  to  which  a  small  secondary  correction  has  to  be  applie<l,  due  to  variabil- 
ity of  base  line  of  thermogram  and  to  reduction  of  temperature  of  thermograph,  or 
room,  to  that  of  the  biftlar  magnet.  This  secondary  correction  is  obtained  by  noting 
the  differences  in  the  corrections  at  8^  and  17^,  as  derived  from  above  formuhu  and 
as  derived  from  the  absolute  temperature-readings  at  these  hours  and  distributing 
these  differences  uniformly  over  the  interval.  This  secondary  correction  may 
amount  to  3  bi filar  scale-divisions,  but  is  generally  less  than  2  (on  the  average 
about  1),  whereas  the  primary  may  amount  to  20;  the  average  total  correction  for 
the  seven  years  is  about  +  6.  Conveniently  arranged  tables  were  then  constructed 
and  the  temperatHre  correction  aupplied  in  this  way  from  February ,  188S,  to  May  9,  1885, 
For  8**  and  17**  the  corrections  were  obtaineil  from  the  absolute  temperature  read- 
ings. For  this  portion  of  the  work  the  data  for  supplying  the  temperature  correc- 
tion were  best  known,  and  hence  these  two  years  form  the  strongest  part  of  the 
series.  On  May  10,  1885,  the  thermograph  was  discontinued  and  only  the  tempera- 
tures of  the  thermometers  under  the  bell-glasses  at  8**  and  17^  were  observed,  these 
being  very  nearly  the  hours  of  minimum  and  maximum  temperatures. 

Method  of  supplying  temperature  correction  from  May  10,  1885,  to  September,  1889. — 
From  a  discussion  of  the  complete  series  of  hourly  temperature  corrections  for  the 
two  years  beginning  with  February,  1883,  and  ending  February,  1885,  the  following 
tables  were  drawn  up : 

Viumal  variation  of  temperature  correction, 

[Sxpreaaed  in  billlar  scale-diviaiona,  one  lUviHinu  being  equal  ^  0.000109  in  part*  of  H.     A  pins  sign 
indicates  greater,  a  minus  sign  lesH  temperature  than  mean  of  day.] 


Mean. 

Mean.         | 

Feb., 

1883, 

to 

Feb., 

Feb., 
»884, 

to 
Feb., 

Feb., 
X883, 

to 
Feb., 

Feb., 

1884, 

to 

Feb., 

Hour. 

Mean 

of 

8  years. 

mrr"    Winter 
months.  ^°?^^^- 

Hour. 

Mean 

of 

a  years. 

Sum- 
mer 
montliR. 

Winter 

months. 

Oct.  to 

Mar. 

1884. 

Z885. 

1884. 

X885. 

Apr.  to 
Sept 

I* 

—0-56 

— o'4a 

-0-49 

1 

-0-66     — o'3a  ; 

13^ 

+••38 

-|-o-«7 

4o-3« 

-fo-sa 

-fo'«3 

a 

— o*8a 

-068 

~o'75 

-087     -0-63  ! 

14 

+0-98 

-fo-69 

-fo-8i 

+0-90 

-I-0-79 

3 

-104 

— 0*92 

-0*98 

—  I'xi      -0-85 

«s 

+«'3i 

+X-06 

-fx-i8 

4-x'x8 

+x-x8 

4 

-i-i8 

-108 

-I-I3 

—  x*ax      — 1*05 

x6 

4-«-6a 

+1-36 

+»-49 

+J*39 

-I-I-58 

5 

-«'45 

-189 

-«'37 

— 1*47     -i-a6 

17 

+X-86 

+i*6o 

-f«-73 

+x-6o 

-fx-86 

6 

-i-6a 

-x-47 

-1*54 

-1-64      -1-44 

18 

4-a'oa 

-fi-86 

+X-94 

4-X-8I 

+a'07 

7 

-169 

-I  6a 

-.1-65 

-x-7fl      -1-58 

»9 

-fi*9a 

+1*73 

4-X-88 

4-X-76 

+x*89 

8 

-1-73 

-1-64 

-x-68     -x-63     -x*73 

20 

+1*64 

4-I-4I 

+1*53 

+x-5a 

+«-54 

9 

-I'Sa 

-117 

-x'35 

—  x'o9     —t'6i  : 

ax 

-fx-i6 

-|-T'oa 

-fi-o9 

4-1 -08 

+I09 

JO 

-0-95 

-0-85 

—0*90 

— o'55      —1*35  i 

2a 

-H>-69 

-fo-6a 

-fo'66 

+0-63 

+0-68 

IX 

-068 

-0*58 

-0-63 

-032      -094 

23 

-fo-25 

-fo'aa 

+0-24 

-l-0'22 

+025 

Noon 

— o*i8 

-017 

— o-x8     -j-o'o6     —0-41 

i 

Midn't 

— o*x8 

— o*ia 

-0x5 

— o'i8 

— o'xa 
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Hours  of  minimum  and  maximum  temperaturet  for  ike  various  monthi. 


Month. 

Z883. 
A. 

Minimum. 
1884. 

A. 

1885. 
A. 

1883. 

Maximum. 
1884. 

X8Q5. 

A. 

A. 

A. 

Jan. 

- 

8 

8 

- 

18 

18 

Feb. 

8 

9 

18 

18 

18 

Mar. 

8 

7 

18 

18 

18 

Apr. 

8 

18 

18 

x8-s 

May 

- 

18 

18 

- 

June 

- 

»9 

x8-5 

- 

July 

- 

19 

i8-5 

- 

Aug. 

- 

x8 

18 

- 

Sept. 

- 

x8 

185 

- 

Oct. 

- 

18 

18 

- 

Nov. 

8 

8 

- 

18 

18 

- 

Dec. 

9 

8 

- 

18 

z8 

- 

From  the  foregoing  tables  and  curves  constructed  from  them  we  learn  the  fol- 
lowing : 

1.  The  viinimum  temperature  of  day  occurs  at  about  7^  30™  a.  m.,  on  the  yearly  aver- 
age, happening  about  half  an  hour  earlier  in  sunmier  and  half  an  hour  later  in 
winter. 

2.  The  maximum  temperature  occurs  at  about  6  p.  m.  both  in  winter  and  summer; 
and  is  about  (P'l  C.  higher  than  at  17'',  as  recorded  by  observer. 

3.  The  temperatures  at  17*»  and  19'*  are  very  nearly  the  same. 

4.  The  law  of  change  between  8**  and  17''  can  be  taken  as  a  linear  one^  the  mean  of 
these  hours  occurring  at  about  12''  30'". 

6.  The  mean  of  17''  and  8''  (of  next  day)  occurs  at  about  23.5'',  the  law  of  changb 
between  the  time  of  this  mean  and  \9^  and  7''  (of  next  day")  being  very  nearly  a 
linear  one. 

The  above  deductions  were  utilized  as  nearly  as  coultl  be  in  supplying  tbe  tem- 
perature corrections  at  all  hours  other  than  8''  and  17'',  which,  as  before,  were  derived 
from  the  absolute  temperature  readings. 

Tem}}€rature  (^on'ecti4m  for  October^  18S2y  to  Fehruary^  1883, — These  four  months  re- 
quired special  treatment,  and  could  not  be  handled  until  after  the  discussion  of  the 
complete  two-year  series  of  hourly  temperature  corrections,  as  given  above.  As 
they  form  the  beginning  of  the  seven-year  series,  the  data  for  supplying  the  temper- 
ature correction  were,  necessarily,  more  or  less  incomplete. 

For  October  the  absolute  temperature  reading  of  the  magnet  was  taken  once  a  day, 
and  occasionally  twice,  giving  one  or  two  corrections  every  day.  The  diurnal  law 
of  change,  as  determined  from  the  months  of  October,  1883  and  1884,  was  then  ap- 
plied differentially  to  the  solitary  correction.  Similarly  the  first  four  days  in 
November  had  to  be  treated.  On  November  5,  11  a.  m.,  the  thermogram  readings 
began  and  a  s«ditary  rea<ling  of  the  thermometer  under  the  bell  glaj^s  taken,  generally 
at  9  a.  m.  Occasionally,  however,  two  readings  were  taken.  From  this  day  to  Feb- 
ruary 1,  1883,  the  method,  as  explained  in  the  first  part  of  this  paper,  was  followed. 
These  four  months  constitute  the  weakest  part  of  the  series. 

The  t-emperature  corrections  obtained  by  me,  as  explained  in  the  preceding  remarks, 
were  applied  to  the  observer's  tabulated  bifilar  scale  readings,  and  a  new  copy  fur- 
nished by  Mr.  W.  C.  Manpin^  of  the  computing  divi.siun.    The  revision  of  his  work 
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and  the  furiiishing  of  the  monthly  hourly  means  was  intrusted  to  Messrs.  James 
Page  and  J.  B.  Bontelle,  both  of  the  computing  division.  The  daily  and  mouthly 
means  wore  supplied  with  the  aid  of  a  comjitometer. 

An  approximate  check  upon  the  work  was  obtained  by  a  comparison  of  the 
monthly  hourly  means  with  tho  observer's,  approximately  corrected  for  tempera- 
ture, llie  close  agreement  of  the  two  monthly  means  derived  from  the  hourly  and 
from  the  daily  means  served  as  a  further  check  against  gross  errors. — [L.  A.  Bauer, 
April  1, 1891. 
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If  AQNETIC  OBSERVATORY  OP  THE  COAST 

Differential  observations  of  the  horizontal 

[Rcicaiiitulation  of  meui  hourly  ralaes  of  rednvod  ncale-readiiigi  for  nisRiiet  at  normal  teinpemturt 

horiionUl  force.    Increfl«ing  Hcale 


Year. 

Month. 

ih 

2h 

3*' 

4'» 

5^ 

6h 

7^ 

8»> 

9h 

lot" 

1 1^     Noon 

1882. 

Oct.* 

1303 

130*5    1 

iZ^'O 

i3«-9 

131-8 

131-1 

1296 

127-9  ' 

[25-9  1 

125*4  ] 

[24*2  125*1 

Nov. 

122*5 

122*3    1 

124-2  1 

121*9   I 

123*4  1 

1230 

121-8 

119-1   1 

[i6*8 

[14*1  1 

[12*8  115*2 

Dec. 

129-9 

130*2 

131*2  ] 

131-3  1 

131-9 

i32-4 

133-6 

1339 

133-2 

130*2  ] 

[26*4  125-2 

1883. 

Jan. 

«35i 

1350   ] 

135-8  1 

[36*4  1 

[36-6 

»37-3 

1376 

1366 

»35-4  1 

'31-5  " 

r27'6  128-4 

Feb. 

1344 

1342*  1 

[350  1 

[356  1 

136*2  1 

[36-9 

137*4 

1363  ] 

'35-3  J 

131*9  1 

[310  130-7 

a 

Mar. 

136-3 

1370    1 

r37-6  1 

138-2  1 

138*4  1 

'38-4 

137-2 

1363  ] 

'353  1 

[35*0  1 

'34-0  1332 

Apr. 

142*2 

141*6   1 

[41*1  ] 

[41-6  1 

141-3  1 

[41*2 

140-8 

138-6  1 

[36-4  ] 

135*2  ] 

135-2  1358 

May 

M3-5 

«43-3  J 

143-3  1 

[43*2  ] 

143-9  1 

144-2 

143-2 

140-5  1 

[40-4  ] 

[41*6  ] 

141-9  1431 

June 

M3*2 

1443  J 

142*8  ] 

'43-3  1 

'43*3  1 

143-1 

141*1 

139-1   1 

139-0  1 

141-4  1 

'43-2  143-7 

July 

1385 

138-2  1 

'37-8  1 

[382  J 

[38-6  1 

^39-1 

137-7 

136-2  1 

134-8  I 

'35-6  I 

[36-4  1368 

Aug. 

1398 

140*6  ] 

[40*5  1 

140-5  1 

[40-3  1 

140-7 

138-2 

134-6  1 

'347  1 

[36*0  1 

136-4  1368 

Sept. 

131-5 

131-7  J 

1317  1 

132-8 

132-2  1 

'33-1 

1301 

126-8  1 

125-8  1 

[26*1  ] 

[26*2  127-2 

Oct. 

126-9 

127-4  1 

128*3  1 

[285  1 

128*3  1 

127-6 

125*4 

121*3  > 

[20-I    ] 

[199  1 

[20'i  120-8 

Nov. 

121-0 

121*7  J 

122*3  1 

[24*0   1 

[24*2  1 

123-6 

123-3 

121*1   1 

[I8-8    ] 

[i6*7  1 

[l6*3  117*9 

Dec. 

119*6 

I20'2    ] 

121*3  1 

[21*5    ' 

[22*5    ' 

123-3 

1235 

122*3  ^ 

[20*3    1 

116*5  ' 

'137  113-4 

1884. !  Jan. 

121-0 

122*4    1 

122*8    ] 

[22*5    ] 

[23-5    ] 

[23-8 

124*0 

1231   1 

[20'1    1 

115-1  1 

[io*8  111*6 

Feb. 

122-9 

"33  1 

[24*2    1 

[24-8    1 

I25-I    ] 

[25*6 

126-7 

127-7  1 

[27*2    ] 

[24-8  ] 

[2o*7  117*2 

Mar. 

124-1 

125-6    ] 

[25*6  ] 

[26*1    1 

[25*6    ] 

(25-9 

125-0 

122*3  1 

119-3    > 

[i8-9  ] 

[187  118-6 

Apr. 

1 28- 1 

1282    1 

129-3  1 

[29-5    1 

[29-2    ] 

[29-8 

127-1 

125-7  ' 

124*9    J 

[25*0  1 

[23-2  123-1 

May 

1 33*  I 

1332    1 

[32*6  1 

[32-5    1 

133-2    1 

133-2 

131-9 

1306  1 

[31-6    1 

'33-0  ' 

[32*7  132-5 

June 

1308 

I3I-9    1 

[315  1 

[32-1    1 

132-3    1 

32-9 

131-6 

1309  1 

[31*0   1 

[32*1  1 

[31-8  132-7 

July 

126*4 

127-3    1 

127*2  1 

[27*6   1 

[28*2    ] 

[28-2 

126-6 

124-1  ] 

124*5    J 

[26*0  ] 

[27-5  128*5 

Aug. 

126-9 

1262    ] 

[26-8  1 

27*0   1 

[26-8  1 

26-4 

1238 

121-2  ] 

[22*0    ] 

[22*1    ] 

122*1    123-0 

Sept. 

120-7 

120-4   1 

[21*4    1 

21*8    1 

t22'0    ] 

[21*1 

118-5 

115*6  ] 

[14-8  ] 

[15*1    1 

[I6.4    117-6 

Oct. 

1 15-4 

Il6'2    1 

116*6  ] 

[I7-2  1 

[17*3  1 

[i6'9 

1 16-0 

113-4  ] 

II 1-9  ] 

111*5  1 

[12-1    1 12-6 

Nov. 

1 14-2 

II5-0  1 

116*0  ] 

[I6-6  1 

ii6'i  ] 

"17-4 

117-1 

1 16*3  : 

114-2  ] 

111*8  ] 

[09*1    108-5 

Dec. 

112*3 

II2-9  ] 

113-8  J 

'I4-7  1 

[15*4  1 

[15-7 

116-5 

116*4  ] 

[15*1   ] 

[12*2    1 

[085    108-7 

1885. 

Jan. 
Feb. 

112*0 

112*8    1 

113-8 1 

141  ] 

[15-1  1 

115-4 

115*8 

116*2  ] 

[14*5  1 

[1I*0   ] 

107-9    107-2 

iiro 

111*4  1 

[12*3    1 

112-8    ] 

[130  1 

113-2 

112-3 

112*1  ] 

[lO-l    1 

[IO*2   1 

[O9-I    107-8 

Mar. 

III-O 

110*9  1 

[11*5  1 

[12-6    ] 

[12*5  1 

[12*3 

112-5 

110-5  1 

093  J 

08*9   1 

06*49    105*1 

Apr. 

110*9 

111-5  1 

[12-6  1 

[12*4    ] 

113-6  1 

'13-3 

112-0 

110*0  1 

083  1 

08-1    1 

[09*0   109*7 

May 

no*  I 

111*6  1 

[11-7  ] 

[11*4  1 

[1 1*9  1 

[11-5 

110-5 

110*1  1 

[lO'I    ] 

[10*3    1 

[io*i  110-1 

June 

108*4 

109*1   1 

109-1  1 

109*2  1 

[095  1 

[IO-6 

1090 

107-4  J 

07-4  1 

[08*2    ] 

[09*6   110*6 

July 

110*4 

110*0  1 

[10-2    ] 

110*5  J 

110-7  1 

111-3 

109-3 

105-8  1 

[05*3  1 

[O68    1 

[o8*7  iio-i 

Aug. 

103-7 

104-2  ] 

103-3 1 

[04*1  1 

04*5  1 

104*4 

102-2 

990 

98*9 1 

100.3    ' 

[01-2    102*6 

Sept. 

98-6 

99*2 

99-0 

996 

99-9  1 

ioo*5 

982 

95*5 

93-6 

93*3 

93*5    92.9 

Oct. 

95*5 

96*5 

97-0 

97-5 

97-8 

97-9 

97*1 

940 

918 

918 

92-7    93*7 

Nov. 

94-8 

95-8 

96*1 

96-9 

97-2 

97-2 

97*3 

96-3 

94-4 

92-1 

911     909 

'  Dec. 

930 

93*5 

94-5 

94-9 

953 

95-7 

963 

96*8 

95*0 

93-2 

90-4    894 

1886.    Jan. 

88*9 

894 

88*7 

90-5 

91-2 

92-5 

92*6 

93-4 

93-7 

90*9 

86*2    843 

Feb. 

91*5 

925 

93*4 

93-7 

94-1 

94-8 

95-5 

965 

96*4 

95-2 

93-6    90-3 

Mar. 

929 

940 

02*9 

94-6 

94-0 

92-9 

92*7 

91*0 

89-2 

881 

86-7    86*3 

Apr. 
May 

90*0 

91*7 

91*6 

91-8 

92*3 

93-0 

91*1 

89*2 

88*5 

88*1 

88*3    88-4 

93*4 

94*4 

94-2 

941 

94-7 

94-4 

92*9 

90-0 

892 

903 

90*9    92*0 

June 

9^-0 

93-8 

93-9 

93-6 

94-5 

94-4 

93*7 

924 

934 

94*4 

95-6    957 

*  Correct^tl  for  3  bnuika  in  aotdd. 
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component  of  the  ina^gnetic  force. 

/tor each  month,  1882  to  1889,  300  ilivinions  +  tabular  quantity;  one  division  of  scale  equals  0-000100  of 
dlTiaiona  indic«te  increasing  fon'«.] 


I3«» 

i4»» 

iS^ 

161^ 

l^^ 

i8»» 

19b 

20*" 

2ih 

22*> 

23»»    Midn't 

Mean. 
127-9 

1249  1 

[249   1 

126-8    ] 

[26-0   1 

126-1 

127-4 

[28-0 

126-9 

127-2 

129-5 

1281    ] 

129*9 

II6-4  ] 

[i6-8    ] 

117*3    1 

[i8-6    ] 

119-3    1 

[172    1 

120-2 

118-4 

[I9-2 

II8-5     1 

[19-5 

[21*9 

119*2 

1255  J 

127-8    ] 

129-3    1 

[29-9    J 

1308    1 

[302    1 

[29-8 

1283    J 

[28*9 

1297     1 

[295    ] 

130-4 

130-0 

1300  1 

1333    1 

134-6   ] 

135*0    1 

[346    ] 

135*0    J 

135*1 

134-4    1 

133-8    ] 

'33-8    1 

'34*7    1 

134*4 

134*2 

1294  1 

130-2    ] 

131-2    1 

130-2    1 

130*3    1 

130-9    1 

130-5 

130-8    ] 

[31-2    ] 

131-4    ] 

133*2    1 

'32-9 

132-8 

133-0  1 

134s    1 

»3S*4    > 

136*4    1 

^35-8    1 

'34*2    1 

134-5 

U3-7    1 

[346    1 

'35*3    1 

135*5    1 

'36-9 

M5-7 

136*2  1 

[35-7    1 

137*4    1 

138*2    1 

137-4    1 

137-2    ] 

[376 

1390    1 

139-8    1 

[398    1 

[40-4    1 

[40-5 

138-8 

1432  1 

143-3    1 

142-5    1 

[41-4    1 

140-3    1 

139-6    ] 

140-3 

140-7    I 

140-9    1 

[42-0    1 

[42-1    ] 

'43*9 

142-2 

142*6  ] 

142-5    1 

141*5    1 

[38-2    1 

137-2    ] 

^38-3    1 

138*1 

140-2    1 

[40-5    1 

[42-2    1 

[42-4   1 

'42*4 

141-4 

1369  1 

[36-6    1 

134*2    ] 

134*2    1 

t33*o   I 

'33*5    1 

'33*8 

133*9    1 

[34-6    1 

'35-5    1 

136-3    1 

'363 

136*1 

137- 1  1 

137-8    1 

138*0   1 

138-2    1 

136*9    1 

137*6    1 

1377 

138-7    1 

139-2    1 

[390    1 

[39-8   1 

[40-1 

138-3 

128-9  1 

130-2    1 

[31-4    ] 

1311    1 

[29-8    ] 

[29-2    1 

130*  I 

1301    1 

[  29-0    ] 

[28-2   ] 

[297    1 

[29-9 

1297 

"33  1 

124-5    1 

124*3    ' 

124-9    1 

124*5    > 

[20-8     ] 

[25-9 

125-8    ] 

[26-3    1 

[26-0    1 

[25-/    1 

[26-8 

124-9 

119-3  1 

[20-1      ] 

[20'4     ] 

119-7    1 

[20*2    1 

[19-8 

1197    1 

[197    1 

[  20-2     1 

[20-8     ] 

[20-1 

120-5 

1 15-6  ] 

[17-6     1 

119*3    ' 

[20-0     1 

[20*4    ] 

[20-2     ] 

[20-0 

1197    ] 

[19-5    1 

[I9-5      1 

II9-0   ] 

[I9-8 

119-5 

1144  1 

[I7-7     1 

[20-8     ] 

[22-1     ] 

[21-7    ] 

[21-8     1 

[21-9 

121-7    J 

[2I-0     1 

[20-9     1 

[21-0     ] 

[21-6 

120-3 

116*8  ] 

[17*1    1 

[18-4    ] 

[20-0     1 

[20-5    1 

[21-7     I 

[21-8 

121-3    ' 

[20-3     1 

[20-6     J 

[211     ] 

[22-0 

122-2 

119-4  1 

[21-5    ] 

[22-6     ] 

[22-4     ] 

[21*9     ] 

[20-8     ] 

[21-2 

122-0    1 

[21*9     ] 

123-2    1 

[22-9     1 

[23-7 

122-5 

124-3  1 

[25-4    1 

1263     1 

[25-9     1 

'24*5    1 

124*4    1 

125-0 

125-4    ] 

[26-9   1 

[27-1    1 

[26-7     1 

[276 

126-4 

133-0  1 

133*3    " 

131-5     1 

130*5     1 

1293  1 

[29-5    1 

[30*1 

130-8    1 

[317  J 

[3'*8    1 

[327     1 

'33-2 

1320 

132*8  1 

132*3   1 

1308     1 

129-1     ] 

[27-9  1 

127-9    1 

[29*0 

129-2    ] 

[29-8    ] 

130-3    1 

[306     1 

[31*0 

130-9 

127-5  1 

[26*5    ] 

125*5     J 

[23-6     1 

[22-2     ] 

[22-9    1 

[24-1 

124*7    1 

[25-0   1 

[25-1    1 

[26-8     1 

[27-0 

126-0 

123-3  1 

[22*9     ' 

[22*9     ] 

122-5     ^ 

[22-6     1 

124-5    ' 

124*7 

124-9    1 

[25-2   1 

[25-4    1 

[254     1 

[25-5 

124*3 

118-5  ] 

[I9-I     ] 

ri8-3    1 

[l8-2     ] 

118-1     ] 

[18-4    1 

[17-9 

1187    1 

[19-5  1 

[187    1 

[I97     J 

[19-6 

118-8 

"3-3  1 

[  14-0     ] 

[145    1 

114*4  ' 

113-8     1 

ti3*8    1 

[12-8 

112-3    > 

[12-6     1 

[133    I 

[»3-5    ' 

114-4 

114-2 

109-3  1 

[10-6    ] 

[11-7    1 

[12-7     1 

112-7     J 

[13-6    1 

[13-0 

1131    1 

[12*5     1 

[12-2     1 

[12-3   1 

[12-9 

113*3 

109-3  1 

Ill-O     ] 

[12-5    ] 

1136  1 

[I37     ] 

[13-5    1 

[12-6 

111*3    ' 

I1I-3  1 

[II-7     1 

[11*2     1 

[11-9 

112*7 

108-3  ] 

[098    1 

[10-9    1 

[II'I    1 

[U'O     ] 

[II-9    ] 

[11-8 

111-7    J 

[12-2     1 

[12-0     1 

[12-2     ] 

[11-8 

112-1 

108*2  1 

[08-5    ] 

109-3    1 

[09-2    ] 

[09-8   1 

109-7    1 

[10-5 

109-6    1 

[IO-2     1 

[  lO-O     1 

[IO-4     1 

[10-7 

110*5 

105-1 

106-4    ] 

[087    ] 

109-7  1 

109-4  ] 

109-5    ' 

[095 

109-8    1 

[095     1 

[O9-6     1 

[099     1 

[io*6 

109-6 

Ill-O   ] 

[iro   ] 

[11-5    1 

[11-9   ] 

[12*1     ] 

[11-2     1 

[10*5 

109-6    1 

[094     I 

[09^5     1 

[098     1 

[10-3 

110-8 

109-5 

[090 

[o8-2    ] 

[07-0   1 

1057     1 

[o6-6    1 

[069 

106-7    ' 

[07-I      1 

[O7-6     1 

[O7O     1 

109-1 

109-2 

iiio-6  ] 

109-7    1 

io8'9    ] 

[06-7   1 

[04-9     ] 

104*5    1 

[051 

106-1    1 

[O6-3     1 

[O7-2     1 

[08-3     J 

08-3 

1081 

110-8  1 

[10-6   ] 

[07-9   ] 

[05-9    ] 

105-1     1 

[04-8    1 

[06-1 

106-2    ] 

[060     1 

[O7-4     1 

[08-2     1 

[09-5 

108-2 

102-6 

102-8   ] 

[02-0 

999 

987 

990 

99*4 

100-6    ] 

[00-8    ] 

100-5     J 

[O2-5     1 

'033 

101-7 

94-3 

96-1 

963 

95-4 

95-5 

95*7 

95*8 

96-0 

95*4 

96-0 

96-2 

97-6 

96*4 

94*5 

95*3 

95*5 

95*3 

95-6 

95-6 

94*4 

94*9 

94*7 

94*2 

951 

95-6 

95*2 

90-6 

917 

93*2 

94-0 

945 

94*2 

94*2 

93-6 

93-2 

92-8 

93*4 

93*6 

94*1 

.90-5 

90-8 

92-4 

92-8 

93*2 

92-8 

92-6 

92*4 

92-5 

92-6 

91-8 

92-2 

931 

84*0 

85*3 

87*1 

88-4 

88-6 

88-4 

88-2 

87-6 

87*7 

88-0 

88-1 

89-1 

88-9 

899 

895 

89-7 

90-5 

91*3 

91-9 

90-8 

90-6 

91-2 

909 

90-9 

91-0 

92*3 

86-4 

88-1 

89-7 

88-0 

8go 

88-1 

89*4 

896 

89-0 

89-6 

897 

903 

90-1 

;88-5 

89-1 

897 

88-8 

88-8 

87-2 

88-3 

89-7 

87*5 

89-2 

895 

89-5 

896 

92*1 

92-0 

917 

89-6 

88-4 

880 

88-3 

890 

90*4 

90*3 

923 

93-1 

91-5 

95-5 

937 

903 

879 

880 

876 

892 

90-0 

90-4 

90-8 

91-9 

935 

92-4 

60 
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MAGNETIC  OBSERVATORY  OP  THE  COAST 

Differential  observations  of  the  horizontal 

[RecapitnlatioB  of  mean  hourly  values  of  reduced  Boale-readinfj^s  fur  magnet  at  normal  temperature 

horizontal  force.    IncreoHiuju;  noale 


Year. 

Month. 

l^ 

2h 

3*^ 

4»» 

5»» 

6h 

7"^ 

8h 

911 

lOh 

lib 

Noon 

1886. 

July 

907 

909 

90-4 

904 

90-5 

913 

89-6 

874 

87-5 

877 

887 

89-6 

Au^r. 

900 

90-2 

899 

896 

90-3 

897 

875 

841 

83-6 

848 

86-2 

875 

Sept. 

87-8 

88-6 

89-3 

896 

90-0 

894 

865 

84-0 

82-3 

831 

847 

86-4 

Oct. 

837 

844 

840 

851 

851 

85-1 

83-9 

797 

78-1 

795 

8w»-9 

808 

Nov. 

78-2 

781 

789 

79*2 

797 

800 

79-8 

79-1 

771 

75-5 

750 

737 

Dec. 

757 

75-8 

76' 1 

76-5 

77-6 

77-6 

78-5 

79-2 

79*5 

77*3 

734 

723 

1887/ 

Jan. 

74*9 

74*5 

74-6 

75-3 

76-3 

764 

77-0 

769 

76-6 

729 

67-2 

66-2 

Feb. 

73*6 

740 

750 

757 

76*2 

764 

77-4 

78.6 

780 

760 

72-5 

7i*4 

Mar. 

76- 1 

77-2 

78-3 

77*4 

77-5 

771 

77-5 

76-6 

77-2 

77.0 

75*9 

75-6 

Apr. 

77-2 

77-1 

782 

781 

787 

786 

77-0 

751 

747 

74-1 

73-6 

729 

May 

768 

77-2 

768 

77*3 

77-6 

771 

76- 1 

74*9 

,751 

749 

74-8 

74-6 

June 

792 

790 

79-6 

79-1 

791 

79-8 

787 

768 

763 

765 

765 

77*3 

July 

780 

785 

79-1 

788 

79-1 

79-1 

77-5 

74-6 

74*4 

75*9 

77-0 

78-0 

Aug. 

747 

754 

757 

757 

757 

754 

73-5 

7i'9 

721 

73*3 

733 

73*9 

Sept. 

71-8 

7^-4 

723 

729 

725 

72-1 

703 

68-6 

680 

68-8 

68-6 

687 

Oct. 

68-8 

69-6 

70-1 

704 

706 

705 

699 

68-5 

661 

649 

66-4 

66-9 

Nov. 

65-8 

671 

66-4 

66-8 

67-3 

675 

681 

672 

661 

64-8 

633 

637 

Dec. 

62*9 

634 

63-8 

64-4 

65-0 

655 

659 

660 

653 

635 

61-5 

59*4 

1888. 

Jan. 

593 

591 

606 

61  9 

62*2 

63- 1 

636 

637 

627 

60*0 

557 

56-0 

Feb. 

638 

644 

655 

659 

66-4 

66-4 

658 

656 

653 

646 

64*0 

63-8 

Mar. 

66-6 

66-9 

67-5 

68-3 

67-9 

675 

67-2 

649 

64*0 

632 

623 

61-8 

Apr. 

676 

685 

68-8 

68-6 

69'0 

693 

68-3 

66*5 

655 

639 

636 

63-4 

May 

681 

687 

687 

68-4 

687 

685 

67-4 

66-2 

667 

66-9 

669 

66-3' 

June 

69*1 

687 

69-2 

69*2 

69-5 

697 

68-2 

67-1 

667 

680 

684 

69-2 

July 

67-6 

67-6 

680 

674 

68-0 

68-2 

66-9 

651 

645 

65-1 

66-3 

67-0 

Aug. 

6v9 

65-5 

65-9 

65-9 

660 

658 

638 

607 

603 

61-2 

62-8 

645 

Sept. 

623 

62*2 

631 

634 

638 

630 

604 

58-1 

57-6 

593 

59-6 

601 

Oct. 

597 

6o-i 

6ri 

6i-2 

61-2 

60-9 

60-4 

585 

568 

565 

568 

57-4 

Nov. 

56- 1 

57-2 

580 

577 

582 

587 

587 

59*3 

593 

57-3 

55*3 

54-8 

Dec. 

563 

57-6 

583 

587 

59-1 

59-8 

599 

605 

597 

582 

55-8 

54-2 

1889. 

J^n. 

560 

563 

567 

570 

57-6 

584 

590 

59'5 

589 

565 

53-6 

53-2 

Feb. 

55-5 

559 

560 

566 

56-9 

570 

568 

573 

571 

55-6 

54*3 

537 

Mar. 

59-8 

60-4 

607 

60-9 

61  0 

6o-6 

605 

600 

597 

604 

597 

594 

Apr. 

66-4 

66-4 

C6-4 

66-4 

66-6 

66-4 

655 

64- 1 

638 

63-5 

638 

643 

May 

66*9 

671 

67-2 

67-3 

67-2 

672 

66-1 

652 

658 

665 

66*9 

67-4 

June 

71-5 

717 

719 

71-8 

718 

71-6 

71*2 

713 

717 

721 

722 

720 

July 

73-1 

73*3 

73-5 

73*4 

73-2 

731 

723 

71*5 

7^-4 

72*0 

72-5 

729 

Aug. 

728 

732 

73*2 

73-2 

729 

730 

71-8 

70-4 

707 

711 

71-9 

723 

Sept. 

716 

717 

72-2 

717 

71-6 

71-1 

697 

680 

675 

677 

680 

69*0 
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component  of  the  magnetic  force. 

for  earh  month,  1882  to  1888,  200  diviniona  +  tabular  quantity;  one  dirision  of  MCiUe  equals  0000109  of 
diviriioDS  indicate  iurreaHinj;  furce.] 


I3h 

14^ 

i5»>' 

i6»' 

lyh 

18b 

igh 

20*» 

2lh 

22*« 

23^ 

Midn't 

Mean. 

88-8 

88-2 

878 

86-2 

84-6 

848 

865 

873 

887 

887 

894 

896 

88-6 

8So 

87-5 

86-5 

856 

84-9 

845 

845 

859 

86-2 

867 

878 

88*9 

87- 1 

86-3 

86-4 

853 

848 

84-9 

861 

873 

86-8 

872 

861 

861 

879 

86-5 

81-3 

797 

807 

809 

812 

81-5 

809 

817 

808 

818 

822 

833 

81-9 

73-2 

733 

735 

75« 

767 

77-6 

77-2 

76-2 

769 

770 

765 

78-2 

769 

70-6 

717 

727 

74*2 

750 

74-4  , 

74*5 

73'5 

74-0 

739 

74-5 

74-2 

751 

68- 1 

70-1 

727 

74-3 

74-2 

74-1 

73*9 

741 

729 

73*5 

73-3 

73-8 

735 

71-6 

71-5 

709 

71-0 

717 

723 

718 

72-0 

71-8 

719 

72-1 

72-6 

73-6 

75*5 

760 

75-8 

747 

75*4 

75-1 

75-1 

74-8 

75'5 

75-3 

75-2 

757 

76-2 

74-2 

754 

75-2 

75-2 

741 

733 

735 

730 

73*4 

74-8 

751 

75-2 

753 

75-2 

754 

753 

74-0 

727 

72-0 

718 

730 

74*2 

73-8 

75-8 

763 

751 

775 

777 

769 

75*9 

74*4 

74*4 

75-3 

757 

764 

774 

769 

786 

77*3 

786 

781 

763 

74*3 

73-8 

74*3 

749 

75*5 

75-8 

76-4 

765 

77-4 

767 

73*1 

7^*3 

705 

695 

693 

708 

71-6 

707 

71-4 

72-0 

72-8 

74-9 

72-9 

68-4 

677 

674 

67-4 

67s 

679 

694 

68-3 

703 

690 

694 

70*3 

695 

673 

67-5 

67-2 

68-4 

68-4 

68-6 

68-2 

68-2 

68-4 

68-3 

68-1 

687 

68-3 

64-0 

64-2 

65*1 

65-1 

655 

654 

65-5 

650 

644 

64-6 

64-6 

647 

65-5 

589 

59*4 

6i-i 

623 

623 

628 

618 

6r2 

61 '4 

61-9 

6i*9 

62-9 

627 

57-2 

58-4 

59*9 

605 

599 

603 

605 

602 

591 

59*4 

59-6 

59*2 

6o'i 

648 

647 

64*0 

639 

642 

63-8 

632 

637 

64-3 

639 

63-8 

637 

646 

625 

64-0 

647 

65 -2 

65-1 

653 

65-1 

647 

647 

64-9 

654 

66-9 

653 

657 

66*2 

66-5 

673 

66-6 

66-6 

653 

656 

656 

672 

66-8 

67-2 

66-6 

675 

67*0 

656 

64-2 

636 

64-3 

637 

645 

64- 1 

649 

665 

670 

66-4 

68-2 

67*0 

66-3 

65-0 

64-4 

64*2 

654 

659 

667 

66-8 

67-5 

68-3 

67-4 

67*0 

667 

65*2 

635 

61-9 

63-2 

638 

65-1 

654 

660 

661 

67- 1 

660 

655 

65-2 

640 

620 

61-9 

62-5 

626 

628 

630 

635 

64*  I 

64-5 

637 

607 

610 

603 

59-8 

59-0 

596 

6o*4 

607 

609 

6i*i 

608 

625 

608 

571 

57*4 

57-4 

57-9 

58-5 

57-8 

583 

570 

567 

57*4 

580 

590 

58-5 

53-8 

54*4 

566 

57' 

569 

565 

56-4 

560 

55-8 

561 

55-6 

55-5 

567 

54*4 

560 

57*5 

58-4 

58-2 

58-2 

574 

560 

551 

54-8 

55-6 

562 

57-3 

55-3 

57« 

57-6 

581 

57-3 

56-4 

56-2 

55-8 

55-9 

55-6 

55*4 

55-5 

566 

53*9 

55-0 

557 

566 

56-6 

562 

560 

553 

550 

550 

551 

55-2 

55-8 

59-6 

600 

601 

60-4 

60-5 

6o'4 

597 

59*5 

597 

59-5 

599 

59-6 

6o-i 

650 

658 

66-2 

65-8 

657 

653 

64-5 

64-5 

650 

656 

658 

657 

65-4 

674 

674 

67  0 

66-6 

66-3 

66-6 

66-2 

66-3 

66-6 

66-6 

66-6 

67-1 

667 

71-8 

711 

707 

707 

70-6 

71-0 

7>-3 

71-5 

71-6 

717 

719 

71-8 

715 

73-1 

723 

71-6 

71-5 

71-4 

72-3 

72'I 

72-4 

724 

728 

727 

729 

725 

724 

724 

72-1 

722 

722 

725 

724 

72-5 

72*2 

724 

725 

726 

72-3 

697 

70-2 

704 

703 

706 

709 

70-9 

71-0 

71-5 

717 

71-2 

71-6 

70-4 
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General  examinaiion  of  the  differential  series  for  changes  in  the  hori- 
zontal force. — Looking  over  the  values  of  monthly  means,  they  are 
seen  upon  the  whole  to  diminish,  as  might  be  expected  from  our  knowl- 
edge of  the  secular  diminution  of  the  horizontal  comx>ouent.  Closer 
inspection,  however,  reveals  the  fact  of  several  anomalous  values  at 
the  beginning  and  at  tlie  end  of  the  series,  while  between  these  limits 
the  descent  is  gradual,  with  an  exhibition  of  six  minor  undulations 
corresponding  to  the  annual  variation. 

The  daily  means  for  October  and  November,  1882,  are  broken  and 
very  iiTegular.  The  extremes  for  October  originate  in  three  breaks  of 
the  zero  of  the  scale,  for  which  corrections  have  been  applied.  These 
irregularities  I  attribute  to  twist  in  the  suspension  fibers  under  the 
influence  of  variations  of  heat  and  moisture,  to  which  they  had  not 
been  subjected  before.  The  apparent  irregularities  in  November  are 
due  to  the  great  magnetic  storm,  already  referred  to  in  Part  II. 

Between  the  middle  of  February,  1889,  and  the  close  of  the  series 
in  September  following  there  is  an  anomalous  rise,  but  coupled  with 
the  fact  of  a  veiy  feeble  and  almost  obliterated  diurnal  variation, 
plainly  showing  that  the  motion  of  the  magnet  was  resisted,  probably 
by  spider  threads.  On  February  13, 1889,  the  observer  noticed  that 
something  was  wrong  and  turned  the  mirror,  which  demanded  a  cor- 
rection of  —16  divisions  to  all  subsequent  readings.  Omitting  these 
defective  months,  also  October  and  November,  1882,  our  series  extends 
from  December,  1882,  to  February,  1889,  inclusive,  or  covers  six  years 
and  three  months.  During  this  period  there  is  but  one  day  (July  3, 
1884)  without  observation,  and  altogether  there  are  but  a  few  hourly 
gaps  in  the  hourly  tabulation.  These  gaps  were  filled  up  by  inter- 
polation with  due  regard  to  the  diurnal  variation  (during  the  month) 
and  with  regard  to  any  progressive  change  at  the  time,  as  explained  in 
Part  II. 

Such  interpolated  hourly  coordinates  are  distinguished  by  brackets 
in  the  tabulation. 

Connection  of  the  differential  series  ttith  the  absolute  measures. — For 
this  connecrtion  there  are  available  225  determinations  of  H,  with  cor- 
responding scale  readings  (s)  during  the  period  December,  1882,  and 
February,  1889.  The  time  of  reference  (^»)  will  be  the  middle  of  the 
series,  or  January  15, 1886,  for  which  epoch  we  have  the  mean  monthly 
scale  reading  less  200,  or  «o  =  ^'1  divisions.  Dividing  the  seventy-five 
months  into  six  groups  and  taking  for  each  the  corresponding  values 
of  H  from  Part  I  and  s  from  Part  III,  the  absolute  measures  when 
referred  to  fg  become  as  follows : 


REPOKT   FOB   1891 — ^PABT   II. 


63 


Results  of  the  differefitial  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles j  CaU — Continued. 


Group. 

I. 

II. 

• 
III. 

IV. 

V. 

VI. 

Period.          1 

Dec.,1882, 
toDec.,*83. 

Year  1884. 

Year  1885. 

Year  1886. 

Year  1887. 

Jan.,  1888, 
to^eb.,1889. 

Mean  of  H  (dyne). 

0-27308 

0*27296 

0*27272 

0-27262 

0-27265 

0*27255 

Mean  of  s  (divisions) 

«3« 

120 

100 

86 

72 

61 

S Xq. 

+  35 

+  24 

+  4 

— 10 

—  24 

-35 

—  0000109  (^  — Jo). 

—  0*00382 

-  0*00262 

—  0*00044 

4-  0*00109 

-f  0-00262 

4-  0*00382 

Same  in  dyne. 

—  0*00104 

—  0*00071 

—  0*O0OI2 

4-0*00030 

4- 0*00071 

4-  0*00104 

H  at  /o. 

0*27204 

0*27225 

0*27260 

0-27292 

027336 

0-27359 

Difference  front  mean 

-J- 000076 

-|-  0-00055  4-  0*00020 

—  o-oooi  2  —  000056 

—  0*00079 

Heiice  the  relation:  H.  =  0-27280  +  0-0000297  (s  -  2964),  expressed  in 
dynes. 

The  small  differences  between  the  referre<l  values,  thongh  systematic, 
most  be  attributed  to  the  absolate  measures  and  perhaps  some  small 
pai*t  may  be  due  to  other  causes. 

By  means  of  tlie  above  formula  we  obtain  the  resulting  <annual  values 
of  H  as  dependiug  on  the  monthly  mean  scale  readings,  viz: 


Year. 

^7 

Hy 

1883*5 

3328 

0*27389 

18845 

322*0 

357 

1885*5 

304*1 

304 

1886*5 

286*7 

252 

1887*5 

272*2 

•  209 

1888*5 

2628 

181 

Annual  change  of  the  horizontal  component  of  the  force, — The  annual 
change  of  H,  which  is  the  eflfect  of  the  se-cular  variation  during  one 
year,  may  be  exhibited  in  two  ways;  first  by  melius  of  monthly  differ- 
ences, showing  the  greater  or  less  uniformity  in  the  annual  change  (a) 
when  brought  out  for  each  month,  and  secondly  by  deducing  a  from 
the  annual  means. 


64 


U.   S.    COAST   AND   GEODETIC   SUHVEY. 


The  following  table  coutaiQB  for  each  month  the  differeuccH  of  scale 
readings  for  the  years  1883  and  1888,  for  the  years  1884  and  1887,  and 
for  the  years  1885  and  1886^  hence  in  the  aggregate  nine  times  the 
annual  change. 


'JS 

Jj 

Jis 

Js 

Js 

Js 

Month. 

1 

1883 

1884 

1885 

ga 

a 

Month. 

1883 

1884 

1885 

9« 

a 

-'88 

-'87 

-'86 

-'88 

-87 

-'86 

Jan. 

741 

468 

232 

1441 

i6-o 

July. 

70-1 

49*3 

196 

1390 

154 

Feb. 

68-2 

486 

182 

>35o 

15-0 

Aug. 

74-6 

51*4 

14-6 

140-6 

15-6 

Mar. 

704 

463 

195 

1362 

15-1 

Sept. 

689 

493 

99 

1 28- 1 

14-2 

Apr. 

72-2 

511 

21-2 

144-5 

160 

Oct. 

66-4 

45*9 

«3-^ 

1256 

14-0 

May. 

75-8 

569 

177 

1504 

167 

Nov. 

638 

47-8 

17-2 

1288 

"4-3 

June. 

740 

53*6 

157 

143-3 

159 

Dec. 

62-2 

50*0 

18-0 

130-2 

14-5 

15-2 

Annual  decrease  a  =  15-2  scale  divisions,  =  0*00160  in  parts  of  H, 
:  0-000452  of  a  dyne. 

Operating  with  the  annual  means  we  have: 


Year. 

Xy— 200. 

18835 

18845 
1885-5 

1886-5 

18875 
1888-5 

1328 

I22-0 
104-1 

S6'l 
72-2 
62-8 

Mean    1886-0 

968 

Scale  division  for  any  year,  fty  =  96-8  -|-  a  (<  —  1880-0)  5  hence  the  nor- 
mal equation,  0  =  +  258-4  +  17-50(i,  and  a  =  —  14-8  scale  divisions, 
which  value  is  adopted. 

Expressed  in  parts  of  the  force  we  have  ai  =  —  0-00161,  a  value  in 
very  good  accord  with  the  deduction  raatle  by  me  in  1885  for  stations 
San  Diego  and  Santa  Barbara,  Cal.,  for  which  —  0-(H)17  and  —  0-0014 
were  found  (see  Appendix  No.  6,  Report  tor  1885,  p.  271).  According 
to  the  same  paper  the  horizontal  intensity  was  a  maximum  about  1860, 
since  which  time  H  has  been  declining.  The  value  of  a  in  dynes  is 
0-000440. 

The  absolute  measures  give  a  smaller  value,  but  they  are  considered 
too  rough  in  comparison  with  the  differential  measures. 

Annual  variation  of  the  horizontal  force, — ^This  is  readily  made  out 
by  tabulating  for  each  year  the  monthly  means  of  the  scale  readings 
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and  correcting  the  same  for  annual  decrease  of  force.    This  correction 
in  scale  divisions  is  as  follows: 

July,  -h  0-6 

•  August,  4-  ''8 
September,  -\-  yi 
October,  -{-  4*3 
November,  4-  5 '5 
December,  -f-  ^'8 

Applying  these  corrections  we  get  the  corrected  means  of  scale 
readings: 


January, 

6.8 

February, 

-5-5 

March, 

—  4-3 

April, 

-3» 

May, 

—  1-8 

June, 

—  06 

Jan.    Feb.    Mar.  Apr.  May.  June.  July.  Aug.  Sept.  Oct.  Nov.  Dec. 

Mean 

1883 

1884 
1885 
1886 
1887 
1888 

127-4  127*3  131*4  1357  140-4  140-8  136-7  140*1  132*8  129-2  126-0  126-3 

113-5  1 16-7  ii8-2  123-3  ISO'2  130-3  126-6  126*1  121-9  i^S'S  ii8-8  119*5 

105-3  1050  »o5'3  ^07-7  107-4  107-5  108-8  103-5   99*5   99*5    99'6   99*9 

82-1    86-8   85-8   86-5    89-7   91-8   89-2   88-9   89-6   86-2   82-4   81-9 

667   68-1    71-9^  72-2   73-3    767    77-3   74-7    72-6   72*6   71-0   69-5 

53*3   59**    6'*o   635    64-6   66-8   66-6   65-5    63-9   62-8   62-2   64-1 

Mean 
Mean  — 96'8 

9* '4   93*8   95*6   982  100-9  '02-3  100-9   99*8   96-7   948   93-3   93*5 
—5*4  — 3*o— 1*2  4- ''4  +4-1  +5*5  +4*»  4-3-0—0-1  —2-0—3-5  —3*3 

968 

The  last  line  constitutes  the  annual  variation,  showing  a  regular 
annual  periodic  change  with  a  maximum  horizontal  force  in  June  and 
a  minimum  in  January,  range  10*9  divisions,  or  0*0()119  parts  of  the 
force,  or  0*000324  dyne.  This  variation  depends  on  the  sun's  declina- 
tion. 

Inequality  of  range  in  annual  variation. — It  was  thought  desirable 
to  investigate  whether  our  series  indicates  an  inequality  in  the  range 
of  the  annual  variation,  which  may  be  connected  with  the  sun-spot 
period.  An  exact  evaluation  of  the  annual  variation,  however,  is  a 
matter  of  some  difficulty,  siuce  we  must  be  certain  that  the  instrument 
has  not  undergone  any  sensible  change  in  its  adjustment  during  the 
year,  and  secondly,  that  the  correction  for  change  of  temperature  was 
satisfactorily  applied.  Even  for  self-recording  instruments,  such  as  the 
Adie  magnetograph,  it  requires  a  combination  of  two  or  three  years  to 
bring  out  consistent  results.  Taking  the  first  three  years  and  the  last 
three  years  we  get  the  annual  variation  (A)  in  scale  divisions,  as  fol- 
lows: 


Periods. 

Jan.    Feb.   Mar.  Apr.  May.   June.  July.  .\ug.  Sept.    Oct.  Nov.  Dec. 

Range. 

i883-'5 
i886-'8 

—4-2  —3-3  —1*3  -f  2-6  -f  6-4  -1-6-6  -1-4-4  f  3-6  —1-5  -3-9  —4-8  —4.4 
— 6*5  --2-6  — i-o  -|-o*2  -|-2-o  -|-4*5  +3"8  +2-5  -f  1*5      o-o  — 2-0  — 2*1 

1 1-4 
ii-o 

H.  Ex.  43,  pt.  2—6 
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Comparison  of  resulttt  for  annual  variation  in  H  at  several  stations. 

At  Dublin,  Ireland  *     Max.  in  June.  Min.  in  Feb.  Range  in  parts  of  H.     '0015 

Toronto,  Canada.f                 July.  Dec.                                             '0016 

Philadelphia,  Pa.J                  July.  Jan.  '                                          -00088 

L/)s  Angeles,  Cal.                   June.  Jan.                                               "00119 

The  annual  variation  A  can  be  expressed  by: 

A  =  4-77  sin  (^+27()0-4) 
or 

0-(HK)520  sin  (^+276o«4),  expressed  in  parts  of  H 

where  the  an|?le  6  coants  from  Jauaary  1  at  the  raU»  of  30*^  a  mouth; 
the  range  is  accordingly  0'00104  IT.    The  annual  variation  becomes 
•    zero  a  few  days  after  the  equinoxCvS,  and  reaches  its  extreme  values  a 
few  days  after  the  solstices. 

Total  diurnal  variation  of  the  hiyrizontaX  force. — This  variation  has 
been  called  total,  in  order  to  distinguish  it  from  the  solar-diurnal  vari- 
ation, in  which  latter  aU  (large)  disturbances  are  excluded ;  in  the 
present  case  no  scale  readings  whatever  were  omitted  from  the  tabula- 
tion. The  following  table  contains  for  any^one  month  the  differences 
of  the  monthly  mean  of  24  hours  from  the  monthly  mean  for  every 
single  hour,  L  e.,  the  diurnal  variation  for  every  month  expressed  in 
scale  divisions. 


,  •  Lloyd's  Treatise  on  Magnetism,  p.  166.    t  Walker*s  Prize  Essay  for  1865,  p.  266. 
%  Cotist  Survey  Report  for  1862,  p.  201. 
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DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 

IHfferetices  of  monthly  means  {in  scale  divisions) 

[1  scale  division =0.000109  H.     A  f  sign  indicates  greater, 


Month. 

Year. 

ih   2^       3»»   4*   5*»   6*»   7^   8^   9*   10^ 

Ilh 

Noon 

Jan. 

1883 

4-0*9  +0-8  -f  1*6  -I-2-2  4-2-4  4-3-1  4-3*4  4-2*4  4-1*2  — 2*7 

6-6 

-5*8 

1884 

4-07  —2*1  4-2*5  4-2-2  4  3*2  4-3*5  4-3*7  4-2-8  — 0-2  —5-2 

-9*5 

-8*7 

1885 

-0*1  —0-7  -f  1-7  4-2*0  4-30  4-3*3  4-37  4-4*1  -f 2*4  —1*1 

—4*2 

-4*9 

1886 

o*o  4-0*5  —0-2  -1-1*6  4-2*3  4-3*6  4-3*7  4-4*5  4-4*8  4-1*0 

-—2-7 

-4*6 

1887 

4-1*4  4-1*0  4-1*1  4-20  4-2-8  4-2*9  4-3*5  4-3*4  4-3' »  — 06 

-6-3 

—7*3 

1888 

-0-8  —10  4-0*5  4-1*8  4-2*1  4-30  4-3*5  -|-3*6  4-2*6  — 0*1 

—4*4 

—4*1 

1889 

—0*6  — o*3  -fo*i  4-0*4  4-*'0  -f  ^*8  -f  2*4  4-2*9  4-2-3  — o-i 

—3*0 

3*4 

Mean. 

4-0-2  4-0-5  4-1*0  4-1*7  4-2-4  4-3*0  4-3*4  4-3-4  4-2*3  --13 

—5*2 

-5*5 

Feb. 

1883 

4-1-6  4-1-4  -f  2-2  4-2*8  4-3-4  4-4-1  -f4-6  4-3*5  4-2-5  —0*9 

—1-8 

— 2-1 

1884 

-fo-7  4-1*1  -f 2-0  4-2-6  4-2-9  4-3-4  4-4-5  4-5-5  4-5-0  4-2-6 

-1*5 

-50 

1885 

4-o*5  -fo*9  -fi-8  4-2-3  4-2-5  4-2-7  -f  1-8  4-1-6  — 0-4  -0-3 

—1-4 

-2-7 

1886 

— 0-8  4-0-2  4-1-1  4-1*4  4-1-8  4-2*5  4-3*2  4-4*2  4-4-1  4-2-9 

-fi*3 

—20 

1887 

o*o  4-0*4  4-1-4  4-2-1  4-2-6  4-2-8  4-3-8  4-5-0  -f4-4  4-2*4 

— 11 

— 2-2 

1888 

— 0-8  — 0-2  -|-o*9  4-'*3  4-**^  4-i'8  4-i'2  4-'*o  4-o'7   0*0  — o*6 

-0*8 

1889 

— 0-3  +<yi  4-0*2  4-0*8  4-^'^  4-1*2  4-1-0  4-1*5  4-1*3  — 0*2 

—1*5 

—2-1 

Mean. 

-f-o*i  4-0*6  4-^*4  +1*9  +2-3  4-2'6  4-2*9  4-3*2  4-2-5  4-0-9 

— 0*9 

—2-4 

Mar. 

1883 

4-0-6  4-1-3  4-1-9  4-25  4-2-7  4-2-7  4-1-5  4-0-6  —0-4  --07 

-1*7 

-2*5 

1884 

4-1-6  4-31  4-31  4-3-6  4-3-1  4-3-4  -f 25  --02  —3-2  —3-6 

-3*8 

3*9 

1885 

4-1*4  4-1-3  4-1*9  4-3*o  4-2-9  —2-7  4-2-9  -fo-9  — o*3  —0-7 

—  2*7 

-4*5 

1886 

4-2-8  4-3*9  4-2*8  -f4*5  4-3*9  4-2-8  4-2-6  4-0'9  —0*9  — 20 

-3*4 

-3*8 

1887 

— 0-1  4-1-0  -|-2-i  -fi-2  4-'*3  4-o*9  4-1*3  4-0*4  -fi'o  4-0'8 

— 03 

— 0-6 

1888 

4-1-3  4-1-6  -f-2-2  4-30  4-2*6  4-2-2  4-1-9  4-0*4  — 1*3  —2-1 

-3*0 

-3*5 

Mean. 

4-1-3  -f  2-0  4-2*3  4-3*0  4-2-8  4-2*4  4-2*1  4-o*4  — 0*8  — 1*4 

-2-5 

— 3« 

Apr. 

1883 

4-3*4  -f  2-8  4-2*3  4-2*8  4-2*5  4-2-4  4-2-0  —0-2  -^2-4  — 3-6 

-3*6 

—3*0 

1884 

4-1-7  4-1-8  4-2-9  4-3*»  -f2-8  4-3*4  4-0*7  —0-7  —1*5  — 1*4 

—3*2 

~-3'3 

1885 

4-01  -fo*7  -I-1-8  4-1*6  -f-2*8  4-2-5  4-1-2  —0-8  —2*5  —2-7 

-1-8 

— 1*1 

1886 

4-0-4  -I-2-1  4-2-0  4-2-2  4-2*7  4-3*4  -f  1-5  —0*4  —1*1  —1*5 

-1*3 

— 1*2 

1887 

-1-1*9  4-1*8  4-2-9  4-2*8  4-3*4  4-3*3  4-1*7  —0*2  —0-6  —1-2 

-1*7 

—2*4 

1888 
Mean. 

-fro  4-''9  -1-2-2  4-2'o  4-2*4  4-27  4-1*7  —01  — i-i  —2-7 

30 

-3*2 

4-1*4  4-1-8  4-2*4  4-2*4  -f-2-8  4-3-0  4-1-5  —0*4  —1-5  —2-2 

—2*4 

—2*4 
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of  each  hour  from  mean  of  month. 

a  —  sigu  less  force  tluAi  the  menu  for  tlie  month.] 


I3*» 

H^ 

15»» 

i6i> 

Jjh 

i8»* 

19^ 

20»» 

2111 

22»» 

23h 

Mdn't. 

—4-2 

— 0-9 

-fo-4 

-fo-8 

+0-4 

4o-8 

-fo-9 

-fO-2 

—0-4 

-0-4 

-fo-5 

-fo-2 

-5*9 

— 2-6 

-fo-5 

+  1-8 

-fi-4 

~\-i'S 

-Li-6 

-fi-4 

-fo-7 

-I-0-6 

-fo-7 

+  1*3 

-3-8 

—2-3 

—  1-2 

— 10 

—  i-i 

—  0-2 

-0-3 

-0-4 

-    O-I 

— 01 

-fo-i 

-0-3 

—4.9 

-3-6 

—  1-8 

-05 

03 

-0-5 

—07 

-1-3 

—  1-2 

—09 

0-8 

-fo-2 

—5*4 

-3-4 

— 0-8 

+0-8 

-f-07 

-fo-6 

-fo-4 

-fo-6 

— 0-6 

o-o 

—0-2 

-fo-3 

— 2-9 

—17 

—0*2 

-fo-4 

— 0-2 

-}  0-2 

-fo-4 

4o-i 

-I-O 

—0-7 

-0-5 

—0-9 

—1-3 

-fo-5 

-f  I'O 

-I-I-5 

407 

—0-2 

—0-4 

-0-8 

— 0-7 

— ro 

—  1-2 

— i-i 

—4-1 

— 2-0 

—  0-3 

-f-o-5 

-fO-2 

-}-o-3 

+0-3 

o-o 

-0-4 

—0-4 

— 0-2 

o-o 

— 3-4 

—2-6 

—1-6 

— 2-6 

-2-5 

-1-9 

—23 

— 2-0 

-1-6 

-1-4 

4-0-4 

-fo-i 

-5-4 

-51 

-3-8 

—2-2 

— >7 

-0-5 

--0-4 

— 0-9 

-1-9 

—  1-6 

—I-I 

-0-2 

—2-3 

~2-0 

—  1-2 

--'•3 

-07 

0-8 

0-0 

—0-9 

— 03 

-05 

—O-I 

-fo-2 

—2-4 

—2-8 

-  2-6 

-1-8 

—10 

-^•4 

-1-5 

-17 

— I-I 

—1-4 

—1-4 

—  1-3 

— 2-0 

—21 

-27 

—  2*6 

-  -1-9 

-1-3 

—1-8 

-1-6 

1-8 

-17 

1-5 

p-o 

+0-2 

+0-I 

— 06 

-07 

—0-4 

08 

—1-4 

— 0-9 

—0-3 

—07 

-08 

—0-9 

—1-9 

— 08 

— o-i 

-I-0-8 

-fo-8 

-fo-4 

-fO-2 

— 0-5 

—0-8 

-0-8 

-0-7 

— 0-6 

-2-5 

—2-2 

—1-8 

-15 

— i-i 

-0-8 

—  I-O 

—  1-2 

— ri 

-1-2 

-04 

— 0-7 

—  0-2 

-0-5 

—27 

— 1*2 

— 03 

+07 

-f-o-i 

-1-5 

-  1-2 

—-20 

—I-I 

-f  1-2 

—31 

—  I'O 

-jo- 1 

— o-i 

— 0-6 

-17 

-1*3 

-0-5 

— 06 

407 

-fo-4 

-f  1-2 

—4-5 

—3*2 

— 09 

-{-OI 

— 0-2 

— O-I 

—O-I 

-fO-2 

—O-I 

0-0 

—O-I 

-}  ro 

—37 

— 2-0 

-04 

~2-I 

—I-I 

— 2*0 

—0-7 

-0-5 

— I-I 

~o-5 

— 0-4 

-fo-2 

— 0"7 

—  0'2 

— 04 

-1-5 

-0-8 

—  I-I 

—I-I 

-■I-4 

—0-7 

-0-9 

—  ro 

-0-5 

—2-8 

-1-3 
-1-5 

— 0-6 

--0-I 

— 0-2 

00 

— 0-2 

— 06 

— 0'6 

—0-4 

— 0-2 

-fo-i 

-J- 1 -6 

— 2*9 

— 04 

-05 

-0-5 

—  I-I 

-0-8 

-0-8 

— 0-7 

— 0-2 

-fo-8 

-fi7 

—2*6 

—31 

—  1-4 

— 0-6 

—1-4 

-1-6 

— 1-2 

-fO-2 

-f  I-O 

-f  I-O 

-fi-6 

— 2-1 

—  i-o 

— 01 

-05 

-1-9 

—2-0 

-1-4 

—  I-O 

-fo-5 

-fo-7 

-1-0-3 

-f  1-2 

-f-O-2 

+0-2 

+07 

+  Vl 

+  1-3 

-fo-4 

— 03 

—  1-2 

—  1-4 

-1-3 

— ro 

-0-5 

— I'l 

-05 

-foi 

08 

— 08 

—2-4 

—1-3 

-foi 

—2-1 

—0-4 

— o-i 

—  O-I 

— I'l 

4-0-I 

— 01 

-01 

—  1-2 

—2-0 

-1-8 

—2-3 

-1-9 

—0-5 

— 0-2 

— O-I 

— o*9 

—0-4 

— o-i 

+07 

00 

o-o 

—1-3 

—  i-o 

— ro 

-fo-6 

-fo-2 

-fo-6 

—1-3 

-08 

—0-2 

o*o 

— 0*7 

—1-3 

—1-2 

—0-9 

-0-8 

O'O 

-fo-i 

+0-5 
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DIFFERENTIAL  OBSERVATIONS  OP  THE  HORIZONTAL 

Differences  of  monthly  means  {in  scale  divisions) 

[1  soalo diTiaion  =  0000109  H.    A  +  sigii  indicates  greatt^r 


Month, 

Year. 

I 

h          2t 

'       3' 

A 

^Ti      51 

1       6*» 

7»» 

8»» 

9b 

io*»       ii*>  Noon. 

May. 

1883 

+  1 

•3   -f  I 

•1  +1 

-I  -fi-o  4-1 

•7   -f  2-0 

4-i*o 

-17 

—1-8 

—0-6  —0-3  +0'g 

1884 

■fi 

•I  4-1 

•2  4-0 

r6  -fo-5  4-1 

-2   4-1-2 

—o-i 

-1-4 

-0*4 

4-10  4-0-7  4-0-5 

18^5 

+c 

►•9  4-2 

•4  4-2 

•5    -1-2-2   4-2 

•7  4-2'3  4-«*3  -fo'9  4-0-9  4-i^i  -|-o9  4-o-9 

iSiS 

+  1 

9  4-2 

•9  4-2 

7  4-2 

•6  4-3 

•2  -f-2^9 

4- 1^4 

-15 

-2*3 

—  1-2  — 0-6  4-0-5 

1887 

+  1 

•7  4-2-1  4-1 

•7    4-2-2   -f  2 

•5  4-2^o 

4- I-o 

— 0*2 

o*o 

— 0*2  —0-3  — 0-5 

1888 

H-i 

7  4-2 

•3  4-2*3  4-2-0  4-2 

•3  4.2-I 

4-1-0 

— 0^2 

4-0-3  4-05  4-05  — o-i 

Mean. 

4.1.4  0.2-0  +1 

•8   f  I 

•8  4-2 

•3  4-21 

4-0-9 

-o*7 

— 0-6 

-f-0-1  4-0-2  +0-4 

June. 

'553 

+1 

•8  4-2 

•9  4-1 

•4  4-1 

•9  4-« 

•9  4-17 

-o*3 

-2*3 

—2-4 

0-0  4-1-8  -f-2-3 

1884 

— O'l  -f  i-o  -|-0'6  4-1 

-2  4-1 

-4  4-2-0 

4-0-7 

O^O 

4-0-1 

-I-1-2  4-0-9  4-1-8 

1885 

-fo-3  -f  i-o  4-ro  -f  I 

-I  -f  I 

•4  4-2*5  4-0-9 

— o^7 

—0-7  4-01  4-1-5  4-2*5 

1886 

+0 

1-6  4-1 

•4  4-1 

•5    -f  1-2   -f2-l    4-2-0 

4-i^3 

O'O 

4- I-o 

4-2-0  4-3-2  4-3-3 

1887 

-f-i 

•9  4-1 

7  4-2 

•3  4-1 

•84-1 

•8  4-2^5  4-1-4 

-0-5 

-—I-o 

— 0-8  — 0-8      o-o 

• 

1888 

+  1 

•7  4-1 

•3  4-1 

-84-1 

-8  -f  2-1  4-2-3  4-0-8 

-o"3 

—0-7  4-0-6  4-ro  4-1-8 

Mean. 

+  I'0  +1 

•6  +1 

•4  4-1 

•5  4-1 

•8   4-2-2 

+0-8 

— 0^6 

—0-6 

4-0-5  4- "•3  4-2-0 

• 

Jaly. 

'^J 

H-a 

•4   4-2-1    4-1.7    4-2'I    -f2 

•5  -hyo 

4-r6 

4-o^i 

-13 

— o*5  -|-0'3  4-07 

1884 

+0-4  -f  I 

•3  4-1-2  4-1 

•6   4-2-2   4-2-2 

-{-o-e 

—1*9 

-1*5 

o-o  4-1-5  -f2-5 

1^5 

+2-2   -f-I 

•8   4-2-0   4-2 

•3  4-2 

•5  4-31 

4-1*1 

—2*4 

— 2-9 

—1-4  4-05  4-1-9 

1886 

+2 

•1    4-2 

i  +* 

•8  4-1 

•8+1 

-9  4-2*7  4-1-0 

— 1-2 

—i-i 

— 0-9  -f-o-i  4- I-o 

1887 

+  1 

•3  4-1 

•8  4-2 

-4  -1-2-1    -f  2 

•4  4-2-4 

4-0-8 

— 2-1 

—2-3 

—©•8  4-0'3  4-13 

1888 

4-1 

•6  4-1 

•6  4-2-0  +1 

•4  4-2-0  +2-2 

4-0-9  — 0-9 

-1-5 

—0-9  +0-3  4-i'o 

Mean. 

+1 

7  4-1 

•84-1 

•8  4-1 

•9  4-2-2  4-2*6 

4-1-0 

— r4 

—1-8 

—0-8  4-0-5  4-1-4 

Aug. 

1883 

+1 

•5  4-2 

•3    4-2-2   4-2 

.2    -f  2-0   -f  2*4 

— o-i 

-37 

-3-6 

—2-3  —1-9  —1-5 

1884 

+2 

•6  4-1 

•9  4-2 

•5  4-2 

7  4-2 

•5  4-2*1 

— 05 

—31 

—2-3 

—  2*2   -r2-2  — 1*3 

1885 

-I-2-0  -f2 

•5  4-1 

-6  4-2 

•4  4-2 

•8  4-2-7  4-0-5 

— 2-7 

2-8 

—  1-4   —0-5    -I-O-9 

1886 

+2 

•9  4-3 

-1  4-2 

•8  4-2 

•5  -f  3 

-2  -f  2-6 

4-0*4 

—30 

-35 

—2-3  —0-9  4-0-4 

1887 

+  1 

•8  4-2 

•5  4-2 

-8  4-2 

•8  4-2 

-8  4-2*5 

4-0-6 

—I-o 

-0-8 

4-0-4  4-0-4  4-I-0 

1888 

+  1 

•2  4-1 

•8  -f-2-2  4-2-2  4-2 

3  4-2*1 

4-0-1 

— 3^o 

— 34 

— 2-5  — 0-9  4-o'8 

Mean. 

-I-2-0  +2 

•3  4-2-4  4-2 

-5  4-2 

•6  4-2-4 

-fO-2 

2-8 

—2-7 

— 1-7  —I-o     o-o 
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o/each  hour  from  mean  of  month — C'uiitiinicd. 

a  — Higu  leHJt  fitnv  tliau  tlio  moan  for  the  month.] 


Ijh         14I1  ijh  i^b  i^h  |gh  i^h  20*»  21*»         22*>  23*»     Midn't. 

+  1.0    -f I.I     -fo'3    — 0'8    — 1'9    —2*6    --I-9    — 1*5    — 1*3    —0*2     — o-i      +17 
-f-i'O    -|-i'3    — 0-5    — 1-5    — 27    — 2*5    — 1*9    —1-2    — 0'3    — 0-2      -fo7     -f''^ 


-fO*3  — 0*2  — I-O  —2*2  — 3'S  — 2*6  — 2*3  — 2*5  — 2-1  — 1-6  — 2*2  — O'l 

-foS  -i-0-5  -{-0.2  — 1*9  — 31  — 3*5  —3*2  — 2*5  — ii  — 1-2  -\-o-%  -\-i'(> 

-j-oi  4-0*3  4-o*2  — II  — 2*4  — 3*1  — 3*3  —2*1  — 09  --1*3  -f-07  -|-**2 

-|-i*i  -fo-6  —0.8  —2*2  —2-8  — 2-1  .—27  — 1*9  —2*3  —1*5  4-0*'  -i-O-6 

-I-07  -|-o*6  — o*3  — 1-6  — 27  — 27  — 2*6  — 2*o  — 1*3  — i-o  o-o  -fi-o 


+0-8 

-f-O'5 

—  1-9 

—  1-9 

~^*il 

— 2-6 

—2-3 

— 2*2 

-1*5 

—0-6 

+  1-5 

-fo-5 

-0-5 

—2-4 

-3« 

-31 

—  1-9 

-1-3 

— I-o 
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U.   8.   COAST  AND   GEODETIC   SUKVEY, 


DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 

Differences  of  monthly  means  {in  scale  divisions) 

[1  scale  diviAion = 0-000109  H.    A  +  Bign  indicates  greater, 


Month. 

Year. 
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-^'t 

-4-8 

-SO 

-4-8 

—41 

1884 

4-1-2   4-2'0   4-2 

•4  +3 

•0  4-3-1 

4-2-7  +1-8 

-0-8 

—2-3 

—2-7 

—2-1 

—1-6 

1885 

+0-3  4-1-3  4-1 

•8  4-2 

•3  +2-6 

4-2-7  4-1-9 

—  1*2 

~3*4 

—3-4 

-2-5 

-1-5 

1886 

4-1-8  4-2-5  4-2-1  4-3 

•2  4-3-2 
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FORCE,  DECEMBER,  1882,  TO  FEBRUARY,  1889,  INCLUSIVE. 

of  each  hour  from  mean  of  month — Continue<l. 

a — sign  UwB,  force  than  the  mean  for  the  month.] 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Recapitulation  of  results  for  total  solar  diurnal  variation  of  the  horizontal 
force  at  Los  Angeles^  between  Decennher^  1882^  and  February^  1889 ^  in- 
clusivcy  expressed  in  scale  divisions. 

(A  +  Hign  indicates  greftter,  a  —  sign  leu  force  than  the  mean  of  the  day.    One  dIvUiou  equal* 

0-000109  H.J 


i882-'89. 

|h       2*»       3*>       4*»       5*»       6^       7**       8**       9*» 

IO»>        II"* 

Noon. 

Jan. 

4-0-2  -i-o.s  -fro  H-I7  4-2-4  +3.0  -f3-4  -\-S'4  +2-3 

-1-3  -5-2 

-5*5 

Feb. 

4-0- 1  -fo-6  -f  1*4  -|-i*9  +2-3  -f-2-6  4-2*9  4-3-2  -|-2*5 

4-0*9  — o*7 

-2-4 

Mar. 

-fr3  4-2-0  -f2-3  4-3-0  4-2-8  4-2-4  4-2-1  -fo-4  — o-8 

—  1-4  —2*5 

-31 

April. 

4-1-4  4-1-8  4-2-4  4-2-4  4-2-8  4-3-0  4-1-5  —OA  —I'S 

— 2-2  — 2-4 

-2-4 

May. 

4-1-4  -f2-o  -fi-8  -fr8  4-2-3  4-2-1  -fog  —0-7  —0-6 

4-0-I  4-0-2 

4-04 

June. 

4-i*o  4-1-6  -f  1*4  f  1*5  4-i'8  4-2-2  -fo-8  — 0*6  — 0*6 

+0-5  4-1-3 

-1-2-0 

July. 

4-1*7  -f  1-8  4-1-8  -f  1*9  -f2-2  -f2-6  -f  10  —1-4  —1-8 

—0-8  4-05 

-fi-4 

Aug. 

-f  2-0  -f  2*3  4-2-4  4-2.5  4-2-6  4-2*4  4-0-2  —2*8  —2*7 

—  1-7  — ro 

o*o 

Sept. 

-f  1-8  4-20  4-2-5  4-3.1  4-3.1  4-2*9  -|-o*4  —2-2  —y;^ 

—2*7  —2*1 

-1-5 

Oct. 

4-1-2  -f  1-9  4-2-4  -1-2-8  4-29  4-2*6  4-1-6  —1*3  —30 

—3*2  —2*3 

-1*8 

Nov. 

+0*5  -|-»*3  -f->*8  4-a-4  -f-2-6  4-2-9  4-2*9  -f 2-0  -fo-5 

—1-5  —2*8 

-2-9 

Dec. 

— O'l  +0*5  +1*2  4-17  +2-3  +2-8  4-3-4  4-3*5  +2*5  -fo-i  --3-o 

-4*0 

i882-*89. 

I3*»      H**      IS**      i6*»     I7*»      i8»»      I9»»     20^      2i»» 

• 

22ti       23*> 

Midn^t. 

I*^' 

— 4*i*— 2-0  — 0-3  -fo-5  -fo-2  -fo-3  4-o*3      0-0  — 0-4 

— 0-4   — 0*2 

00 

Feb. 

— 2-5    —2*2    —1-8  — 1*5    — I-I    —0-8   —1*0  —1*2    — I-I 

— 1*2  — o*7 

-o*5 

Mar. 

—2*9  -1-5  — 0-4  —0-5  —0-5  — I-I  —0-8  — 08  — 0-7 

— 0-2   — 0-2 

4-0-8 

Apr. 

— 1*3  — 0-8  — 0-2  —0-0  —0-7  —1*3  —1-2  — o*9  — 0-8 

o-o  -fo-i 

4-05 

May. 

4-0-7  4-0-6  — 0-3  —1*6  —2-7  —2-7  — 2*6  —20  —1-3 

— I-O        O-O 

-|-IO 

June. 

4-1*6  4-0-9  —0-5  —2-4  —3-4  — 3'4  —2-6  —1*7  —1-2 

— 0-5       O-O 

4-0-8 

July. 

4-1*3  4-0-8  — 0-8  —2-3  —3*5  — 3*o  —2-1  —1-5  — i-o 

—0-4   4-0-3 

40-9 

Aug. 

4-0-3  — o-i  — 0-7  —1-7  —2*3  —1*5  — 1-2  —0-7  — 0-4 

— o-i  4-0-7 

-fi-5 

Sept. 

—0-8  — 0-2  — 0*4  — 0-8  —II  —0-8  — o-i  — 0-2  4-0-I 

— 0-4      o*o 

4-ro 

Oct. 

— 10  —0-8  —0-7  — 0-2  —0-2  — o-i  —0-4  — 0-5  — 0-6 

— 0-3  — o-i 

-fo*8 

Nov. 

— 2-8  — 2-1  — I-I  — o*6  — O-I  -fo-2  —0-2  — 0-6  — 0*8 

—0-7  —  0-6 

— 0-3 

Dec. 

—3-7  —2-3  — 0*8  -fo-i  4-0-4  -fo*3  — 0*3  —1*2  —  I* I 

— 0-9  — i-o 

-0-4 

The  character  of  the  total  diurnal  variation  for  each  month  of  the 
year  is  shown  on  the  accompanying  diagram  (illustration  No.  1),  which 
was  constructed  directly  from  the  preceding  tiibular  numljers.* 

In  general,  the  horizontal  force  exliibits  a  maximum  value  about  6 
O'clock  a.  m.,  followed  a  few  lumrs  later  by  a  minimum,  whicli,  how- 
ever, during  the  summer  season,  becomes  a  subordinate  minimum,  the 
priiudpal  one  occurring  about  6  o'clock  p.  m.  As  a  peculiarity  of  the 
station  we  may  note  the  weak  development  of  the  secondary  attcriMMni 
maximum,  and  the  extraordinary  low  intensity  in  the  afternoon  mini- 
mum during  the  warmer  part  of  the  year. 


*To  bring  out  prominently  the  effect  of  the  t-emporature  corrertiou  (q—-  2*48  stale 
(UviHions),  the  dotted  curveH  for.Taniinry  and  .Innr  were  iutrodu(-e<l;  tbeno  .iro  taken 
directly  from  the  tabuhit^^l  hourly  n-adinjrH  of  the  photographic  traees  ivilhont  any 
reduction  for  temperature  changes  of  magnet. 


Oirej    northerly  forM 

T                ^                7 

T"::^:::jr""'- 

4—- ^-  x^  . 

\i..  \\  ■ 

'-'  -'      T' 

-I                       Z  —  '■'* 

/^__,.t:::- 

]n— L 

%—\-     -. 

>     V 

'"t:::]  """""_ 

\   t 

L           \_  J               „ 

.-i"  °~"i_, 5c.".ri..L. 

23 
S  3 


Co    A 

•    3 


Semi-annual  inequality  in  the 

Diurnal   Variation  of  the  Horizontal 

Force 

Local   mean  tim 


'10  N     14   16   18   ZO  ZZ  24 


-  Summer  half<yMr 

-  Winter       _ 


REPORT   FOB   1891 — PART   11. 


75 


Be^ults  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles j  Cal. — ^Con tinned. 

Another  cbaraeteriAtic  feature  is  tlie  small  amplitude  of  the  diurnal 
variation  when  compared  with  the  values  observed  at  Pliiladclphia  and 
Toronto. 

The  semiannual  inequality  in  the  diurnal  variation  is  sliown  in  the 
table  below.  It  depends  on  the  xireceding  table,  and  the  values  are 
given  in  scale  divisions. 

I>iumal  variation  during  the  summer  half  during  the  winter  half  and 
during  the  whole  year,  or  for  the  si<J0  months^  April  to  September ^  inelu- 
sivej  the  six  month4ty  October  to  March,  inclusive^  and  for  twelve  months. 


\ 

'ear. 

1 

Year. 

Local 
time. 

Sum- 
mer. 

Win. 
ter. 

Local 
time. 

Sum- 
mer. 

Win- 
ter. 

S.J. 

Parts  of  H. 

s.d. 

Parts  of  H. 

i»» 

-I-I-6 

4.0-5 

-f-ro 

4-' 

0001  I     : 

13*' 

4-0-3 

2-8 

—  1-3 

—  •00014 

2 

4-1*9 

-fi-l 

4-1-5 

4- 

16     . 

14 

-f  0*2 

-1-8 

— 08 

—        09 

3 

4-2-0 

4-17 

4-1-9 

4- 

21 

IS 

-05 

— 08 

—07 

—        08 

4 

-j-2-2 

-f  2-2 

-f-2-2 

4- 

24  : 

16 

-1-5 

-04 

—0-9 

—         10 

5 

+2-5 

426 

4-2-5 

4- 

27  ; 

17 

-2*3 

— 0-2 

—  1-2 

-        13 

6 

-f-2-5 

4-27 

-i-2-6 

4- 

28; 

18 

—2-1 

—  0-2 

— 1-2 

—        13 

7 

+0-8 

4-27 

4-1-8 

4- 

20 

19 

--I-6 

—OH 

—  i-o 

—       ni 

8 

—1-4 

4-1-9 

4-0-3 

4- 

03 

20 

—  1-2 

-0-7 

—0-9 

—        10 

9 

-1-8 

4-07 

-05 

— 

05 ; 

21 

— 08 

08 

08 

—          9 

10 

— i-i 

—  ri 

— 11 

— 

12  i 

22 

-0-4 

— 06 

-0-5 

-         5 

II 

— 0-6 

2-8 

-17 

— 

19  : 

23 

-fO-2 

-05 

— 01 

—          I 

Noon 

oo 

—yz 

-1-6 

00017  ; 

Midn't 

-}-ro 

4-01 

•40-5 

-f  .00005 

This  semiannual  inequality  is  shown  on  the  accompanying  diagram 
(illustration  No.  2),  to  which,  for  comparison,  the  corresponding  dia- 
gram for  Philadelphia,  Pa.,  has  been  transferred.  The  construction  of 
these  diagrams  depends  on  the  difference  b(itweeu  the  annual  mean 
and  tlie  summer  and  winter  means  for  each  hour  of  the  day,  as  given 
in  the  above  table;  it  therefore  supposes  the  annual  average  variation 
to  be  representi'd  by  a  horizontal  straight  line.  The  scale  divisions 
were  <;on verted  int4)  parts  of  H. 

The  Philadelpliia  curve  is  taken  from  table,  page  193,  Coast  Survey 
BexM)rt  for  1862.  There  is  much  similarity  between  these  curves.  The 
Philadelphia  curve  is  apparently  displaced  one  or  two  hours  to  tlie 
right  (later),  with  a  slightly  larger  amplitude  when  compared  with 
Los  Angeles.  The  nodal  points  occur  at  4.30  a.  m.,  at  10  a.  m.,  and 
again  about  15**  and  21^';  at  these  times  the  respective  values  of  the 
horizontal  intensity  will  be  found  ihA  same,  nearly,  throughout  the 
year,  hence  10  a.  m.  and  3  p.  m.  are  favorable  hours  for  absolute 
measures. 

Principal  features  of  the  total  solnr  diurnal  variation. — The  principal 
maximum  of  the  liorizontal  force  o(»curs  at  0^*  a.  m.  ou  Uv^  an^:^'^.'^^ 
tliroughout  the  year,  but  at  5 J*'  a.  m.  duriwg  tti^  ^xvcomqax  \ssLVi\iN2toA  wv^ 
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at  6A**  a.  m.  during  the  wint(T  inonth.s.  Its  amoimt  is  '00029,  •00028, 
and  'OOOSl  in  parts  of  H,  re8i>eetively. 

The  principal  minimun)  occurs  at  11^**  a.  ni.  on  the  average  through- 
out the  year;  it  shifts  to  9^  a.  ni.  in  suiiuner  and  becomes  the  secondary 
niinimuni,  the  primary  then  (K'curring  at  17 J**.  In  winter  the  principal 
minimum  occurs  at  noon,  tlie  secondary  about  21^;  on  the  average 
through<mt  the  year  this  hist  extreme  is  found  about  ITJ**. 

The  maximum  diurnal  total  range  is  on  the  average  throughout  the 
year  '00049  H,  during  the  summer  half  year  '00055  H,  and  during  the 
winter  half  year  '00000  H.  The?  mean  or  average  intensity  of  the  day  is 
reached  about  8^**  during  the  year,  about  noon  during  summer,  and 
about  9J*»  during  winter.  These  features  are  exhibited  in  the  ap- 
pended illustration  (No.  3). 

Comparafire  table  of  the  diurnal  variation  at  Los  Angeles,  Philadelphia, 
and  Toronto,  [At  the  second  station  the  larger  disturbances  hare  been 
excluded;  (p)  stands  for  principal  and  {^)for  subordinate  extrime.] 


Stations. 


Morning. 


Max. 


Min. 


Afternoon. 


Max. 


Min. 


Total  diur- 
nal range. 


Los  Angeles,  1 883-1 888. 
Philadelphia,*  1840-1845. 
Toronto,t  1843-1848. 


A. 
6'0 

57 

6    (s) 


A, 

II-3 
10-9 
IO-5  (p) 


A.  h.  I 

2J4  (s)      5.^  (s)    i    •00049  "■ 


4*o  (s)    undefined. 
4-1  (P) 


•00090  II. 
•00155  H. 


•  Coast  Survey  Report  for  1862,  pp.  179  and  193. 

tMugnetical  and  Meteorological  Obat^rvations,  Toronto,  Gnu.,  Vol.  11,  Loudon, 
1853.    Table  xxxiii.     The  secondary  minimum  occurs  about  2:30  a.  m. 

Long-period  inequality  in  the  total  solar-diurnal  variation  of  the  hori- 
zontal  force. — The  dependence  of  the  diunial  variation  on  the  11-year 
(about)  or  sun-spot  period  is  shown,  as  in  the  case  of  the  declination,  in 
the  inequality  of  the  daily  range  from  year  to  year. 
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Besults  of  the  differential  measures  of  the  iMrizontal  intensity  from 
observations  recoi'ded  at  Los  AngeleSj  Cal. — Continued. 

The  diiirnsil  variation,  when  collected  for  each  year  separately,  is 
exhibited  in  the  following  table,  expressed  in  scale  divisions: 

[ld=z  00010911.     A  +  sigu  implies  that  Uie  force  is  sroater  than  the  mean  of  the  day,  and  a—  sign 

that  it  is  less.] 


• 

Year. 

|h         2^         3**         4** 

5*« 

6h          yh 

Sh               gh 

lOh 

Ifh 

Noon. 

1883 

-fi'S  -f  1-8  4-2-0  -I-2-5 

4-2-7 

4-2-9    4-1*8 

—0-3    —1-4 

—2-2 

—2-6 

--2-2 

1884 

j-i-o  4-X-6  4-2-0  4-2*4 

4-2-6 

4-2-7    4-1-7 

-{-0-3    — 0-6 

—1*4 

-2-5 

—2-4 

1885 

4-0-9   4-1-4   4-1-8   -f2'2 

4-2-7 

4-2-8   4-1-9 

4-0-4    —0-9 

—  1-3 

1-6 

— 1-6 

1886  ;  +1-3  +1-9  4-1-9  4-2-5 

-f2-8 

4-2*9    -|-2-o 

-|-o-5    — 02 

-0-5 

— 0-9 

—  i-x 

1887 

4-I-I    -f-I*5    4-2-0   -f  2-1 

4-2*4 

4-2*4   4-1*9 

4-0-8   4-0-3 

— o*3 

—1-3 

-1*5 

.  1888 

1 

4-o'6  4-ri  4-1-7  4-1-9 

4-2-2 

+2*3    4-1*4 

4-0-2   —0-4 

-0-8 

—1*4 

-1*3 

Year. 

1883 

I3h      14^      1$^      i6*> 

i;** 

i8»»      I9»> 

20»»         2I*» 

22»» 

23h 

Midn't. 

—  1-5  — -0-6  —0-3  —0-5 

— i-i 

— ro  — 0-8 

— 0-6    — 0'4 

O'O 

4-0-5 

4-0-9 

1884 

-1-8  — i-o  — 0*7  —0-7 

—13 

—0-9   — 0-8 

— 0'7    —0-5 

^•3 

o-o 

4-0*5 

1885  1  —II  — 0-6  —0-4  —0-9 

— i-i 

— ri    — ro 

— ro   —I-O 

-0-8 

— o*4 

-fo*3 

1886 

—1*3  —1*3  --^'3  —17 

~i-6 

—17    —1-3 

—0-9   — 0'9 

—0-6 

— o-i 

4-0-7 

1887 

—  1-2    — I-O   — I-O  — 1-2 

—1-4 

—1*3   —II 

— 1-2   —0-9 

— 0-6 

— 04 

4-0-4 

1888 

— 0-8   —0-5   — 0-5   —0-7 

— ri 

— 0-9   — ro 

— ro    — ro 

— 0'6 

—0-3 

-fo*3 

The  diurnal  jange  for  each  year  is  as  follows: 


1883 
1884 
1885 
1886 
1887 
1888 


5.5  J.  J.  or  -00060  in  i^arts  of  H. 
5'2  57 

4*4  48 

4-2  46 

3*9  43 

3*7  40 


Mean  of  six  years     4-5  "00049 

The  maximum  san-si>ot  activity  t<>ok  place  in  1883,  and  this  corre- 
sponds to  the  year  of  greatest  diurnal  range;  the  minimum  activity 
occurred  late  in  1888  or  early  in  1889,  an<l  corresponds  to  the  least 
diurnal  range — between  these  extremes  the  change  is  systematic.  For 
the  sake  of  consistency  the  morning  minimum  for  1886  (— 1'3)  was 
introduced  in  the  place  of  the  aft/Crnoon  minimum.  The  ratio  of  the 
greatest  to  the  le<ust  value  of  the  range  is  as  1'5  to  1. 

The  variation,  in  direction  and  intensity j  of  the  diurnal  solar  deflecting 
force  acting  in  the  plane  of  the  horizon, — The  component  of  the  horizontal 
deflecting  force  which  acts  in  an  easterly  or  westerly  directiou,  and  the 
comimnent  at  riglit  angh^s  to  it,  which  acts  in  a  nortlierly  or  southerly 
direction,  may  be  combined  graphically  so  a«  to  exiiibit  the  total 
deflecting  force,  producing  the  diurnal  variation  of  the  declination, 
both  in  direction  and  magnitude  throughout  the  solar  d*ny. 

To  obtain  the  first  component  let  ^--=  angle  of  deflection  or  difierence 
m  dinu'tion  of  the  magnetic  meri<lian  at  a  given  hour  from  the  normal 
(mean  of  day)  direction,  then  Hsind'  will  i:^\)TO«ke\i\j  \Xi^  ft5i,^vi.viC\».^ 
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force  at  that  time^  or  sin  6  will  represent  the  same  when  expressed 
in  terms  of  the  horizontal  forc*^  H.  Since  V  of  arc  eqaals  y^V?  or 
0*000291  of  radius  we  need  only  to  multiply  our  tabular  numbers  of  the 
total  solar-diurnal  variation  expressed  in  minutes  by  this  factor,  as 
given  in  Part  II  of  this  discussion.  The  second  comi>ouent  for  any 
hour  is  given  in  preceding  pages,  but  it  must  be  expressed  in  parts 
ofH. 

If  in  any  of  the  accompanying  diagrams  we  join  by  a  straight  line 
the  point  of  intersection  of  the  horizontal  and  vertical  axes  with  any 
point  or  hour  of  the  curve,  that  line  will  mark  the  dire(*tioii  of  the 
deflecting  force,  and  its  length  when  measured  by  the  intensity  scale 
of  the  figure  will  give  its  intensity  in  terms  of  H.  The  numerals  on 
the  curves  represent  the  hours  of  Los  Angeles  mean  solar  time  from  0 
to  24,  noon  being  indicated  by  K. 

The  following  table  contains  the  diurnal  variation  of  the  components 
of  the  horizontal  deflecting  force  acting  on  the  north  pole  of  the  magnet 
at  Los  Angeles  separately  for  each  of  the  years  188^3  to  1888,  inc^lusive. 
For  the  east  and  west  component  a  +  sign  indicates  north  end  de- 
flected towards  the  en^t,  for  the  north  and  south  component  a  +  sign 
indicates  increasing  force  towards  the  north.  The  tabular  numbers 
are  exx)ressed  in  terms  of  the  horizontal  force  H. 
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RcHulU  of  th€  differential  measures  of  the  l^orizontal  intensity  from 
observations  recvrded  at  Los  AngeUsj  CaU — Continued. 


c 

8- 
2 


1) 


00 


& 


^0 


« 


I- 

■3  >^ 


c 

V 


ij 


00  M   Q  SO  r^  -^ 


I  I  I  I   I  I      I  I  I  I   I   I 


M   M   M   CI   M   M 


M  M  M  M  ro*^ 


I  I  I  I  I  I 

!>•  ^SO   »0  a*  ^ 
row    ^  "N  «0« 


I  I  I  I  I  I 

u^trtOO  'O 
W  O   M   O 


VT*  »r>*  ^  '^  2^ 


+I+I+I 


00  trkii^ts.00  O 

QO   M   Ov  O  00  M 


+  1  +  1  +  1 

w)  O  M  O  M  o 

8 

+ I ++++ 


i 


r^  N 


4-14-1  +  I 

O  O  ^  O  vO  O 

+I+++I 

++++++ 


t^  N  00    «    N    M% 


W   «   «    0^  ^  ►- 


N   N    O  vO   u^«^ 
^  fO  fO  N    rO  N 


+++++-f    ++4-+  +  + 


M  OsOO  oo  oc  o« 

(^    N    M   M   M    M 


4-4-+4-4-4- 

M  d   O  w  O  M 


00  ►-   -^vO  vO   ^ 
M  ro  M  N  M  r4 


4-4-4-i-+4- 

t>i  ro  ^  ^ 
O  N  •*  « 


Q\  t>i  t>i  ro  ^  ^ 
ON" 


4-4-4-4-4-+    ++++++ 


O  N  O  N  o  w 


t>i  «  tr>  M  m  Os 

O  N  O  N  O  M 


-f  +  +  +  +  + 


x^So'-S-    8 


M    O    -    O   M 


++++    +       +++++ 

mQ^O**        0^0*^00 


+++  +    1+  +++ 


^    ^ 

s  s 


00 
00 


NO 


t>.  00 
00  00 
00        00 


•  •  • 

-O  -^  T3  -^  73  "2 

9S  e  e  a  S 
d  c«  c^  c«  « 


•  •  ■ 

73  -^  -O  -O  73  -^ 

d  q  a  S  d  e 
c«  n  c«  «  c«  « 

w ;:;  w'  ;^  (zi ;?; 


++++-I-+    ++++++    ' 


no 


J1 

to 


C4 


J3 


00 


O 


X3 


to 


l4 

3" 


c 
c 

s 


0Ov*«to  Q00u->5»-0fO 

»«oooo  oooooo 

' +  +1+  +++  + 

oooooo  oooooo 


1  + 


I  +I+I+I 


OOOO   OOOOOO 


+1    I    +I+I+I 

00^    O^'O^O*^ 


I    I  I  I   +I  +  I  +  I 


Q  O  O  O  O 


ir>  O  *'>  *^  *^ 

O  M  o  1^  o 


111111  +  !  +  I  +  I 

QOOOOm  o*«0^0^ 

I  I  I  I  I  I  I  I +  1  +  1 

«N09^N  t^OsO^QO 

mmmO>^  0^0**Om 

'  I  I  I  I  I  I  II    I    I 

C4mMmMm  mmO^Om 

I  M  I  I  I  II  I  I  I  I 


Q\  trt  n  oo  Os  O 
too  ^ O  f*^'-' 


N   OvOO   tOti^OO 
rOM   N  M   M   o 


I  I  I  I  II      I  I  I  M  I 

«   tON  30  *r%-<t 

^  O  ts.  o  vC  O 


I 


'to 


I  I  I  I  I  I      I  I  !  I  I  ! 

ro  t>iOO   fc*"**^        P^^O\»«t^»o 
>OOaO»«0OO        vOmxOmvOO 


I  I  I  I  I  I 

rOvO  00   O   to  N 
00   mOO   NOO   M 


I  I  I  I  II 

"^  ^  ^  to  Os  Ov 


I  I  II  I  I     I  I  !  I  II 


to      ^      »n 

00         OO         00 
00        00        00 


\0        t^ 

00        00 

00      00 


^c/j^c/i^c/j     ^c/:&c/5^c/5 


-O  73  •—  TS  73  73 
ej   rt   §   rt   rt   « 

u  ^zi  cii  ^'  u  ;z; 


73  "^  73  "O  "O  "^ 


S  c 


d    (« 


W  >^,  W  /T,  U  ^ 


1 


I 


\ 


80  U.  8.  COAST  AND  GEODETIC  SURVEY. 

The  most  Btriking  feattires  of  this  diagram  (illustration  No.  4)  are  the 
weakness,  approaching  disappearance^  of  the  deflecting  force  about 
midnight  or  between  the  hours  18  and  3,  and  the  gradual  decline  in 
the  deflecting  force  from  the  year  of  greatest  activity  of  the  sun  in 
producing  sun  spots  to  the  year  of  least  activity. 

The  greatest  deflecting  force  exceeds  but  little  the  one-thousandth 
part  of  the  horizontal  force. 

The  following  diagram  (illustration  No.  5)  exhibits  the  annual  in- 
equality  in  the  diurnal  variation  of  the  horizontal  deflecting  force.  The 
full  line  curve  refers  to  the  diurnal  action  of  the  force  on  the  average 
throughout  the  year,  or,  more  precisely,  to  the  mean  of  six  years;  the 
broken  curve  refers  to  the  force  acting  during  the  six  months  when 
the  sun  has  north  declination,  or  from  April  to  September,  t.  6., 
during  the  summer  half  year;  and  the  dotted  curve  refers  to  tlie  six 
niontlis  when  the  sun  has  south  declination,  or  fjom  October  to  March^ 
t.  &.,  during  the  winter  half  year. 
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On  the  preceding  diagram  the  true  meridian  is  indicated  by  a  star; 
the  magnetic  meridian  by  a  half  arrowhead. 

Separation  and  analysis  of  the  larger  disturbances  of  the  horizon  tnl 
force. — The  treatment  followed  in  the  investigation  of  the  disturbances 
exhibited  in  tlie  hourly  ordlnates  of  the  photographic  traces,  after  they 
had  been  reduced  to  a  uniform  temperature  of  the  bifilar  magnet,  wa« 
the  same  as  that  pursued  for  the  tabulated  hourly  ordinates  of  the  dec- 
lination traces.  The  value  of  the  mean  error,  m,  or  the  average  devia- 
tion of  an  observation  from  its  monthly  mean  for  the  respective  hour, 
was  found  by  means  of  the  extreme  range  of  the  values  as  follows :  For 
the  year  1883,  the  ranges  were  taken  for  the  odd  hours  of  the  1st,  3d, 
5th,  etc.,  mouth,  and  for  the  even  hours  for  the  2d,  4th,  etc.,  month; 
for  the  year  1888,  the  order  was  reversed.  The  values  so  obtained,  viz, 
m=i  range,  were  found  to  answer  quite  well;  they  are,  for  the  respec- 
tive months — 

In  1883,        2-6  5*8  4*8  67  4-2  47  6-2  5-1  8-6  4*5  7.2  3-9       Mean  of  12  months    ±S'4 
In  1888,        4*2  2*5  37  3*8  4*8  3-1  27  3-8  3*4  3*4  3*0  2*6       Mean  of  1 2  months    ±3*4 

Mean  adopted  for  whole  six-year  series,  w  =  ±4-4 

which  refers  to  the  middle  of  the  eleven-year  cycle. 

According  to  Dr.  Lloyd's  rule  1'6  m  would  be  the  limit  of  sei>aratLon, 
but  1*9  m  to  2  m  was  preferred,  as  in  the  case  of  the  disturbances  in  the 
declination ;  hence  a  trial  was  given  making  8  scale  divisiims  the  limit, 
that  is,  any  observation  diti'ering  more  than  8  scale  tlivisions  from  its 
resi)ective  monthly  mean  was  considered  as  belonging  to  the  class  of 
(large)  disturbances;  finally  the  limit  adopted  was  9  divisions.  Nine 
scale  divisions  equal  0*00098  in  parts  of  the  horizontal  force,  or  0'000268 
of  a  dyne. 

At  Philadelphia  the  limit  adopted*  was  33  scale  divisions,  or  0*(M.)120 
in  parts  of  H;  it  marked,  as  a  disturbance,  1  in  14  observations  on 
the  average. 

At  Toronto  the  limit  adopt<3dt  was  14  scale  divisions,  or  0*00120  H; 
it  separated,  on  the  average,  1  in  12 J  observations. 

In  his  discussion  of  the  disturbances  observed  in  1888,  at  Pare  Saint 
Maur,  Mr,  Moureaux  takes  0*00020  H,  an  arbitrary  limit  for  a  disturb- 
ance. 

Owing  to  certain  unsatisfactory  features  of  the  reC/Ord  for  one  month 
at  the  beginning  and  for  several  at  the  end  of  the  series,  the  investiga- 
tion of  the  disturbances  is  here  confined  to  the  hourly  record  of  the  six 
years  1883  to  1888,  inclusive. 

In  the  tables  of  hourly  ordinates  taken  from  the  bifilar  traces  and 
reduced  to  a  stjiuclard  temperature  of  the  magnet  any  value  differ- 
ing more  than  nine  divisions  from  the  monthly  mean  value  of  it«  re- 

♦  CoaBt  Survey  Report  for  1862,  pi).  174, 175.    One  division  of  scale  was  0-0000365  H. 
t  Voluiiio  in  of  tlio  Toronto  M(^t«torological  and  Magnotic  Obsorvtttions  (Subine). 
Quo  division  of  scale  =^  0*0000800  IL 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles,  Cal. — Contiuued. 

spective  hour  wiis  marked  by  an  asterisk.  New  hourly  iiieauH  were 
then  taken  for  each  month,  omitting  all  marked  vahies.  These  new 
means  are  given  at  the  foot  of  each  monthly  table,  and  they  constitute 
the  hourly  normals  for  the  month.  No  notice  was  taken  of  the  few 
interpolated  values  inclosed  between  rectangular  brackets,  so  far  as 
disturbances  are  concerned.  The  total  number  of  hourly  values  is 
52  560,  and  the  total  number  of  disturbed  values  3  231;  hence  our  limit 
indicates,  on  the  average,  one  large  disturbance  in  every  sixteen  ob- 
servations.** 

In  what  follows  the  disturbances  will  be  chissifiied  with  respect  to 
numbers,  magnitude,  and  whether  increasing  or  diminishing  the  normal 
horizontal  intensity.  One  scale  division  equals  O'OOOIOO  H,  and  H  =: 
0-2728  of  a  dyne,  nearly. 

Long-period  inequ^ality  in  the  disturbances  of  the  horizontal  component  of 

the  magnetic  force. 


No.  of  disturbances. 

Ratio  ; 

Aggregate  amount. 

1 
Ratio 

Aycragc  magnitude. 

Year. 

to 
mean. 

to 
mean. 

Incr.  Deer. 

Total. 

Incr. 

Deer.     Total. 

Incr.     Deer.  Total. 

d. 

d          d. 

i 

d.       d.         d. 

1883 

252       648 

900 

1-67 

3012 

J0299   13311 

172 

I2-0    15*9    14*8 

1884 

97       398 

495 

0-92  ' 

1085 

6281     7366 

095  . 

11*2    158    14*9 

1885 

100      476 

576 

1-07 

1 184 

7154     8338 

X-07 

ir8    150    14*5 

1886 

113      484 

597 

1 

x-ii  ; 

1 259 

7613     8872 

114 

iri    157    14-9 

1887 

60      290 

350 

065 

706 

3924     4630 

060 

"•8    135    13-2 

1888 
Total 

81       232 

313 

058 

895 

3148     4043 

0*52 

no    13*6    12*9 

703     2528 

3231 

8141 

38419  46560 

Mean  11*5    14-9    14-2 

Tlie  progressive  diminution  in  the  number  and  aggregate  amount  ot 
the  disturbances  in  the  horizontal  plane  is  seen  to  follow  the  sun-spot 
cycle,  and  the  ratio,  for  number  an<l  amount,  for  the  year  of  greatest 
solar  activity  (1S83)  as  compared  witli  the  year  preceding  that  of  least 
activity  (1889)  is  nearly  as  3*1  to  1;  and  the  same  law  holds  for  increa>s- 
ing  as  well  as  for  decreasing  disturbances  of  the  horizontal  intensity. 
It  also  appears  that  the  average  magnitude  of  an  increasing  disturb- 
fince  (11'5  scale  divisions)  is  less  variable  in  the  llj-year  cycle  than 
that  of  a  decreasing  disturbance. 

At  Philadelphia  the  dependence  of  the  disturbances  on  the  solar 
cycle  is  shown  by  the  minimum  amount  recorded  for  the  year  July, 
1843,  to  July,  1844,t  and  the  same  is  sliown  at  Toronto  by  the  ratios 
expressing  the  relative  amount  of  disturbances  in  each  year,  viz:  the 

**  The  marking  of  the  disturbed  values  and  the  computation  of  the  lioorly  nor- 
mals are  due  to  Mr.  L.  A.  Bauer. 
t8ee  table  x,  pp.  182, 183,  of  Coast  Survey  Report  fox  l^'i. 
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niiiiinium  in  1S44  for  decreasing  force,  and  in  1845  for  increasing  force.** 
Tbe  «un-si>ot  raininiiiin  occurred  in  1843,  with  but  little  change  in  1S44. 

Ratio  of  increamng  to  decreasing  disturhanccH, — In  every  one  of  the 
six  years  of  record  at  Los  Angeles  the  disturbances  increasing  the 
force  were  smaller  in  number  and  less  in  magnitude  tlian  those  decreas- 
ing the  force,  the  average  ratio  being  1  to  3*6  for  the  numbers,  an<l  1 
to  4'7  for  the  magnitudes.  For  Philadelphia  t  these  ratios  were  1  to 
1'8  and  1  to  1'2,  respectively,  but  for  Toronto  the  last  ratio  was  1  to 
G-4  for  the  years  1844  to  1848.  % 

Annual  inequality  in  the  disturbanceH  of  the  horizontal  force. — Tlie 
following  two  tiibles  exhibit  the  number  and  aggregate  amount  of  the 
disturbances  for  each  month  of  the  years  1883  to  1888,  inclusive,  and 
for  increasing  and  decreasing  disturbances  separately. 


Jan. 

Feb. 

Mar. 


Number  of  dis-  I 
turbances. 


Aggregate  amount. 


Incr.  Deer.  Total. 


'  Ratio  '. 

•    to  !l 

mean. 


169  214 

158  181 

277  324 

274  324 

244  315 

163  227 

152  208 

186  274 

332  472 

213  257 

234  281 

126  154 


o-8o 
067 
1-20 

120 
1-17 
084 

077 


Incr.  Deer.  Total. 


504 
239 
545 

608 

855 
738 

669 


I -02  .':I072 


ns 

0*96 
1*04 

057 


I6I5 

472 

SOI 

323 


2400 
2308 

4722 

401 1 

3866 

2284 

2305 
2546 

5285 

3II5 

3892 
I6S5 


2904 

2547 
5267 

4619 
4721 

3022 

2974 

3618 

6900 

3587 

4393 
2008 


Ratio  to  mean 
at— 


I>os 
An- 
geles. 


Toron 
to.* 


075 
0-66 
1-36 

119 

1*22 
078 

077 

093 
178 

0-92 

"•13 
052 


058 
094 
094 

0-90 
036 

0'6i 
075 
171 

1-48 
098 
1-28 


Average  magnitude. 


Incr.     Deer.  Total. 


11*2 

iO'4 
11-6 


d. 

142 
14-6 
171 


d. 

13-6 
141 
163 


12-2 
12-0 

14*6 
15-8 

143 
15-0 

11-5 

140 

^33 

12-0 
12-2 
II-5 

15-2 

137 
159 

143 
>3-2 
I4"6 

107 
107 

14-8 
1 6-6 

140 
1 50 

11-5 

134 

130 

In  looking  over  the  monthly  distribution  of  the  disturliances  we  lind 
those  whi(!h  decrease  the  horizontal  component  to  be,  in  all  <»ases,  more 
numerous  aiul  of  greater  ext<>nt  than  those  which  increase  the  force. 
The  same  law  was  found  to  hold  for  the  observations  made  at  Phila- 
delphia (1840-'46).t 

The  distribution  of  the  disturbances  in  number  and  aggregat<>  amount 
throughout  the  year  exhibits  a  double  progr<»ssiou,  with  maxima  in 
March  and  September,  or  about  the  equinoxes,  and  with  minima  in  De- 
cember and  July,  or  about  the  solstices.  The  Se])ti»mber  maximum 
exceeds  the  December  minimum  in  the  proportion  of  .*^2^)  to  1*00. 

This  annual  inequality  in  the  disturbances  presents  itself  with  great 
distinctness  at  Los  Angeles,  as  may  be  se^Mi  by  comparison  with  the 


•■8ee  tabl<^  viii  of  AbHtracts  and  rosnlts  of  niagnetioal,  etc.,  obHervatiuus  at  the 
obsorvat-ory  at  Toronto  from  1811  to  1871,  T<»roiito,  1875. 
t Tables  xi  and  xii;  Coast  Survey  Report  for  1862. 
I  Walker's  Terr.  &  Cos.  Magm.,  Cambridge,  1866,  p.  274. 


REPORT   FOR   1891 — PART   IT.  85 
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results  at  ToroAto*  aud  at  Pliiladelphia;  at  tlie  latter  place  it  was  so 
liiddeu  by  irregularities  as  to  be  almost  unrecoguizable.t 

Respecting  tbe  magnitude  of  tbe  disturbances  tlie  montlily  a^er.ige 
values  appear  irregularly  distributed  over  the  year,  tbough  with  a 
slight  indication  of  larger  developments  in  March  and  September  and 
a  less  one  in  December.  In  Part  ii  of  this  discussion  it  has  been  shown 
that  the  annual  distribution  of  the  disturbances  in  declination,  with 
respect  to  their  average  magnitude,  is  an  indifferent  one,  which  is  sim- 
ilar to  the  case  of  the  disturbances  in  th(i  horizontal  cx)mponent  of  the 
force. 

*  Walker,  Terr,  and  Cos.  Mag'm,  p.  276,  series  1844-'48. 
t Coast  Survey  Report  for  1862,  p.  183. 
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Itestilt^  of  the  differential  meaaurea  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles^  Cal. — Continued. 

From  the  contents  of  tlie  preceding  table  we  conclude  that: 

(1)  The  distribution  of  the  disturbances  in  a  solar  day  is  of  a  periodic 
chp*raetor. 

(2)  The  disturbances  which  increase  the  horizontal  force  are  most 
active  at  noon  and  least  active  at  4^  a.  ni. 

(3)  The  disturbances  which  decrease  the  horizontal  force  are  most 
active  at  18^  or  six  hours  aft^^r  noon  and  least  so  at  5^-  a.  m.  The  earth, 
therefore,  makes  a  quarter  of  a  revolution  betwe^^n  the  times  of  extreme 
development  of  the  increasing  and  the  decreiising  forces. 

(4)  If  we  keep  in  view  the  aggregate  amount  of  the  disturbances, 
instead  of  their  number  of  occurrence,  we  find  the  above  laws  to  hold 
likewise. 

(5)  The  ratio  between  the  daily  maximum  and  minimum  is  6*0  to  1 
for  the  increasing  forces  and  6'0  to  1  also  for  the  decreasing  forces. 

(6)  The  number  and  average  amount  of  the  disturbances  decreasing 
the  horizontal  force  is  at  all  hours  of  the  day  greater  than  for  disturb- 
ances iiu^reasing  the  same,  and  the  excess  of  the  former  over  the  latter 
is  greatest  at  18''  and  least  at  8^. 

(7)  The  average  nuignitude  of  the  disturbances  in&reaMng  the  force 
appears  to  be  the  same  at  all  hours,  whereas  the  average  magnitude  of 
those  decreasing  the  force  exhibit  an  increase  between  the  hours  4  p.  m. 
and  2  a.  m. 

Comparison  of  the  above  results  with  similar  ones  obtained  at  other 
stations:  Eespecting  the  diurnal  periodicity  of  the  disturbances,  the 
comparative  table  for  Kew  (seven-year  series,  1858-'C4),  for  Toronto 
(five-year  series,  1844-'48),  for  Philadelphia  (five-year  series,  1840-'45), 
and  for  Los  Angeles  is  quite  instructive,  and  makes  it  clear  that  the 
results  at  many  more  stations  will  have  to  be  collected  before  a  com- 
prehensive knowledge  can  be  had  of  the  laws  of  action  of  the  disturb- 
ances even  for  the  limited  area  of  the  United  States. 

Hours  {counting  from  midnight  to  midnight  0  to  24"^)  of  the  day  of  occur- 
rence of  extreme  values. 


Locality. 

Disturbances  in- 
creasing force. 

Disturbances  decreasing 
force. 

Max.        Min. 

Max.              Min. 

Kew. 
Torfinto. 
Philadelphia. 
Los  Angeles. 

l6                  2 
12                  6 
12                 4 

ic^  and    23»>           I7»» 
2    and       7           i6 
20    and  (lo?)          4 
18                             5 

We  notice  a  fair  accord  of  the  disturbance  periodicity  for  Philadel- 
phia and  Los  Angeles,  but  a  discord  in  the  hours  for  Kew  and  Toronto. 
The  complexity  of  the  phenomenon  is  moreover  \>tou^\j  is^ort^  i\s^^\>x\Ki 
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view  by  tlie  ex  hibit  of  a  double  i>ro^ressioii  of  the  dvvrnmng  force 
inequality  at  Kew,  wliich  double  wave  is  feebly  represented  at  Toronto 
and  obscurely  indieated  at  Philadelphia,  but  whirh  has  no  existence  at 
Los  Angeles.  It  is  also  noteworthy  that  at  the  two  southern  stations, 
St.  Helena  and  the  Cai)e,  the  maxiniuni  in  the  <listnibances  which 
increase  the  force  occurs  at  11*',  thus  agreeing  with  Los  Angeles  and 
Philadelphia.  Likewise  we  iind  the  same  accord  for  the  maxinuini  of 
those  derreoMhiff  the  force,  which  occurs  between  18''  and  19''. 

At  all  the  stations  named  the  disturbances  iievreasin^  the  force  pre- 
I)onderate  over  those  which  increase  it.  The  ratio  for  the  horizontal 
force  disturbances  for  Toronto  is  G*4:  to  1  (as  stated);  for  Kew  it  is 
as  3-2  to  1. 

The  normal  solar  diurnal  variation  of  the  horizontal  component  of  the 
force, — In  the  following  table  I  have  collected  the  hourly  normals,  as 
given  at  the  foot  of  the  monthly  tabulation  of  the  hourly  coordi- 
nates, all  referi'ed  to  the  standard  temperature  of  the  bifilar  magnet. 
These  normals  are  simply  the  new  means  aft^a*  the  exclusion  of  all 
values  marked  a«  disturbances  and  cx)ndensed  from  a  six-year  series 
into  a  one-ye«ar  series.  The  second  tabh*,  headed  "Normal  solar-diurnal 
variation,'-  is  derivcKl  from  the  first  by  subtracting  the  resjm'tive 
monthly  mean  from  each  hourly  mean  and  cxmverting  the  scale  divi- 
sions into  parts  of  the  horizontal  force..  A  -f  sign  signifies  a  force 
greater  than  that  of  the  mean  of  the  day,  a  -  sign  one  less  than  this 
meaiu 
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DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 


Mean  hourly  values  {after  rejection  of  the  larger  dMurba7ices)  of  the  solar- 

sive,  expressed  in 


[Local  moan  time. 


200  scale  divisions  +  tabular  quantity ;  all 


e 

> 

Month. 

i»» 

2h 

3'* 

4h        5b 

6^ 

7b 

8«» 

9" 

io»» 

ii*»   Noon 

Jan. 

990 

992 

997 

100-3  loro 

lor. 

101-9 

101*7 

IOO-8 

97-2 

93*4    93-1 

• 

Feb. 

997 

ioo*3 

loi-o 

101-5  i<^''8 

I02-3 

102*6 

102-9 

102-0 

100-8 

988    97-4 

3 

Mar. 

1017 

I02'4 

I02'9 

103-2  102-9 

I02-8 

102-5 

IOO-8 

997 

990 

98-2    974 

Apr. 

103- 1 

103-4 

103-7 

104-0  104-3 

104*6 

I02*9 

lori 

100-2 

99-8 

994    996 

c 

May 

1050 

I0S"2 

104*8 

1045 .105-0 

1050 

103*8 

102-2 

102-3 

I02'9 

103-2  103-6 

00 

June 

104-2 

104*2 

104-5 

104-5  *  '04*9 

105-0 

103-9 

102-3 

102-4 

103-7 

104*7  105-1 

00 
00 

July 

101-9 

102-2 

102- 1 

I02-2  102-5 

102*8 

101-4 

99.0 

98-7 

99-6 

100-7  lorS 

p^ 

Aug. 

IOO-2 

IOO'2 

100-3 

100-5  IOO-6 

100*3 

98-0 

95-1 

95-2 

96-3 

97-0    98-1 

o 

Sept. 

963 

967 

97-1 

974    969 

96*8 

94*3 

91*1 

90*6 

91-4 

91-9    92-6 

to 

00 

Oct. 

920 

92-6 

93-2 

935    93-5 

93-2 

92-2 

89-6 

88*2 

877 

88-4    88-6 

00 

Nov. 

893 

89-8 

90-0 

90-4    90-7 

91-1 

909 

90-1 

88*6 

86-8 

85*7    86*1 

Dec. 

86-8 

87-3 

88-1 

88-4    89-2 

89*6 

90-2 

90*2 

89-2 

86-8 

84*0    82*9 

Normal  solar  diurnal  variation  of  the  liorizontal  force  at  Los 

[Local 

I  mean 

• 
time. 

a{l. 

iign  indicates  a  force 

• 

> 

Month. 

!»» 

2h 

'3»» 

4h       5h 

6»» 

7h 

8h 

9" 

IO*> 

ii»»     Noon 

Jan. 

-I-0-4  -f  0-6 

-fi-i 

+  17  +2-4 

4-2-8 

-f  3-3  -f  3-1 

-f  2-2 

-1-4 

-5-2  -5*5 

• 

Feb. 

— o*i 

-f-o-s  -|-r2 

4-1-7  4-2-0 

4-2-5  4-2-8 

-h3*i 

-|-2-2 

4-10 

—  x-o  —2*4 

§ 

Mar. 

-f-o-9 

-fi-6 

-f  2-1 

-I-2-4    -i-2-I 

-j-2-0 

4-17 

0-0 

—  I-I 

—  1-8 

—2*6  —3*4 

^ 

o 

Apr. 

4-I-I 

4- 1-4  -I-17  -I-2-0  -f2-3 

-4-2-6 

4-0-9 

—0-9 

—1-8 

— 2-2 

—2*6  — 2*4 

c 

May 

-fi-6 

-f-i-8 

-f  1-4  -f-i-i  -}-r6 

4-1-6 

4-0-4 

—  1-2 

— i-i 

-0-5 

—0*2   -|-0-2 

00 

June 

4-0-9  -{-O'g  -f  1-2 

4-1-2  -fro 

4-1-7  -|-o-6 

— i-o 

— 0-9 

40-4 

4-1*4  4-1-8 

00 

00 

July 

+  1-4 

-I-17  -|-r6 

-fi-7  4-2'o 

4-2-3 

4-0-9 

-IS 

—1-8 

— 0-9 

4-0*2  -f-i-3 

t^ 

Aug. 

-hi-9 

-hi-9 

-(-2*0 

4-2-2  -1-2-3 

-f  2-0 

—0-3 

32 

-3-1 

— 2-0 

—1*3  —0-2 

o 

■4^ 

Sept. 

+1-8 

4-2-2 

-f-2-6 

4-2-9  4-2-4 

4-2-3 

— 0-2 

-3*4 

-3*9 

-3» 

—2-6  — 1-9 

Oct. 

-fo-9  -f  i*s  -f2-i 

4-2-4  4-2-4 

4- 2*1 

4-1-1 

->-5 

—2-9 

—3-4 

—2-7  —2-5 

Nov. 

-|-0'7    -\-V2 

+  1-4 

4-1-8  4-2-1 

4-2-5 

-(-2-3  4-1-5 

o-o 

—1-8 

—2-9  — 2*5 

Dec. 

—0-3 

-fo-2  -f-ro 

4-1-3  4-2-1 

4-2-5  4-3-1 

+31 

4-2-1 

—0-3 

—3-1   —4*2 

' 


I 
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COMPONENT  OF  THE  MAGNETIC  FORCE. 

diurnal  variation  for  each  manth  from  the  6  yearSy  1883  to  1888y  inclu- 
Hcale  divisions. 

roailiDgi}  oro  rudticotl  to  standArd  temperature  of  bitllar  magnet.]    . 


13"^ 

14^ 

'5«* 

i6>' 

I7»» 

i8»» 

19'' 

201* 

21U 

22*» 

23** 

Midn't. 

Daily 
mean. 

93-8 

96-2 

980 

989 

99-0 

99-6 

99-1 

989 

98-4 

98-4 

98-5 

98-6 

986 

97*5 

975 

97-8 

984 

988 

99*5 

991 

990 

990 

989 

99-2 

99- J 

99-8 

97  9 

997 

IOO-8 

loro 

XOI-2 

I0O-6 

IOO-6 

IOO-6 

ioo'7 

100-7 

IO0-8 

101-5 

1O0-8 

loo'4 

lOI'I 

102-2 

I02-2 

101-7 

ior6 

ior6 

xoi-8 

101-7 

I02-6 

I02-6 

1025 

102-0 

104-2 

1039 

1030 

101-6 

101-3 

IOI-2 

I02-2 

I02-3 

I02-6 

I02-8 

103-9 

1043 

103-4 

104-8 

104-4 

1030 

101-4 

100-2 

100-5 

100-9 

101-7 

I02-2 

1 03- 1 

103-2 

103-6 

103-3 

ioi'9 

loi-i 

IOO-2 

984 

97-6 

98-1 

975 

99*9 

loo-i 

IOO-6 

loi-o 

101-5 

100-5 

988 

985 

97-8 

968 

96-5 

97*5 

982 

98-S 

98-4 

98-7 

989 

999 

983 

930 

939 

94-8 

94-8 

94-6 

95-0 

94-8 

95-2 

945 

94-1 

94-6 

95*3 

94*5 

899 

904 

91-1 

91*2 

917 

91*2 

91-4 

91-4 

909 

91-0 

91-0 

91-8 

91*1 

86-2 

86-4 

87-4 

88-4 

88-8 

892 

88-9 

880 

88-3 

88-5 

88:1 

887 

88-6 

831 

847 

86-2 

874 

880 

87-8 

87-3 

86-6 

86-3 

86-4 

86-1 

86-6 

87-1 

Angeles^  Cal.y  between  1883  and  18S8y  expressed  in  scale  divisions. 


13^ 

14" 

15'^ 

i6^ 

17^ 

l8h 

19" 
4-0-5 

20*> 

2lh 

22»» 

23h 

Midn' 

-4-8 

-2.4 

—06 

+0-3 

-fo-4 

-fro 

+03 

— 0-2 

— 0-2 

— O'l 

o-o 

—2-3 

— 2*3 

— 2-0 

—  1-4 

—  1-0 

—0-3 

—0-7 

0-8 

-0-8 

-0-9 

— 0-6 

—0-6 

— 2-9 

— I'l 

CO 

-|-0'2 

-f-o-4 

— 02 

— 0-2 

— 0'2 

—O-I 

—O-I 

0-0 

-+07 

—1-6 

— 0-9 

-I-0-2 

-|-0-2 

_o'3 

— 04 

-- 04 

— 0'2 

—0-3 

40-6 

406 

-fo-5 

-f-o-8 

-f-0-5 

— 0-4 

1-8 

— 2*1 

— 2-2 

—  1-2 

— I'l 

— 0-8 

— 0-6 

4-0-5 

4-0-9 

+1-5 

-fl-I 

-0-3 

—  1-9 

-31 

2-8 

-   2-4 

1-6 

—  i'\ 

— 0-2 

—01 

403 

+  1-4 

-fo'6 

— 0-3 

— 2-1 

—  2-0 

—2-4 

—30 

— 0'6 

-0-4 

-fo-i 

+05 

4-1-0 

+0-5 

4-0-2 

-05 

~i-5 

1-8 

— 0-8 

— o-i 

-fO-2 

4-0-I 

-fo-4 

-f-o-6 

-f-r6 

— »-5 

— 0-6 

+0-3 

+0-3 

-j-o-i 

-fo-5 

+0-3 

4.0-7 

o*o 

-0-4 

4-0'i 

40-8 

—  1-2 

—07 

o-o 

-}-o-i 

-j  0-6 

-f-o-i 

-fo-3 

+0-3 

— 0-2 

— O-I 

— O-I 

4-07 

—2-4 

— 2*2 

—  1-2 

— 0-2 

4-0-2 

4-0-6 

4>o-3 

— 0-6 

— 03 

—01 

-0-5 

4-0-1 

—40 

—2-4 

— o*9 

-fo-3 

+0-9 

-fo-7 

4-0-2 

-0-5 

— 0-8 

-07 

—  VO 

— 05 

'2  U.    S.    COAST    AND    tJEODETtC    SURVEY. 

DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 
Nor7)ial  soUtrdiumal  rtiriatimi  of  the  horizontal /orci-  at  Tjos  Angeles^ 

(Lncal  m<-an  lime.  n  J  ;^  liiilli'*tc«  k  Ibrce 


Month, 


2t>  jh         ^h  jh         tjb  Jl.  fill  gh       iqU 


+  0-6    +1-2  +17    +2-0    4-2-1    +2-4    +1-M    -j    07    -0'2    -10    -2'l    —27 

+  i-,i  4-i-S  +'-4  +1-3  t  17  +'-9  fo-fi  -'■*  -'-3  -0-3  +0-5  +'■' 
+  1-5  +f-9  4-2-2  4  2-5  4-2-4  -(-2-I  -t-o-i  -27  -3'3  -^'S  -^'^  -'"S 
+0-3  -i07  +1-1  4-i'e4-2'2  -\2-6  4  I'o  4-1-6 +1-4  -j-2  -37  -4-1 
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COMPONENT  OF  THE  MAGNETIC  FORCE     Cuiilinucd. 

CaLj  between  1883  and  1888^  cxpresucd  in  ncale  dit'lnhns — Coiitimied. 


li*' 

14^ 

15^ 

!()»• 

lyh 

iSh 

IQ** 

20*» 

21  h 

22'' 

231. 

Midu't. 

-2-3 

—1:4 

— 0-6 

-05 

-03 

-03 

-0-4 

— 04 

-04 

-  01 

00 

40-2 

-}-I-2 

-fo-7 

-03 

-1-9 

-27 

-2-5 

—2-2 

—  l-I 

-08 

-  02 

403 

407 

-07 

-0-4 

—01 

— 0-4 

— 04 

—01 

4-0-2 

-f-O'4 

00 

o-o 

-{0'2 

-TlO 

—37 

-2-3 

— 0"9 

4-0-I 

-l-o-s 

-f-o-8 

+o*3 

1 

-03 

-04 

-03 

-OS 

—01 

Month. 


r    Feb 


Feb.  ) 

Mar.  I 

Apr.  j 

May  II 

June  V'. 

Means ^     J^^^  I' 

1     Aug.  ^ 

Sept.    V 

Oct.  j 

Nov.  ) 

Dec.  I 

Jan.  j 


Daily  range. 

Div's. 

Parts  of  H. 

5» 

000056 

4-6 

50 

5-8 

63 

70 

76 
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The  following  table  of  the  "  Total  Bolar-diurnal  variation"  is  givei 
bere  for  a  direct  comparison  of  the  diurual  variationH,  inclusive  auc 
exclusive  of  the  larger  disturbances;  It  refers  to  the  same  combiuatioi 
of  niontbs,  hence  excludes  the  months  of  December,  1882,  and  Jannarj 
and  Febraary,  1889: 


S" 


8" 


-i-i-Q  +1-S  +2-1  +2-5  +2-7  +2-S  +2-3  M-i+o-i-o-a-rg  - 
+  i'4+i-S+i7+i7+J'i+i-J+o-9-o-9-i'0-o-"  +07  H 
f,7  +2-1  +2-4  +1-S+Z-9  +1-6  +07  -ai  -3-0  -2-$  -1-8  - 
+0-3  +0-8  +1-4  +20  +;j-s  +3.0  +3-3  4-3-0  +17  -09  -37  - 


13 

b     ,4b 

'5" 

l6b 

I7» 

l8h 

19b 

20" 

21" 

ilh      23I.  Muin-l, 

-2 

3-1-6 

-0-9 

-0-8 
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Daily  range. 
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55 
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SS 

A.,.. 
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Oct. 
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0-00064 

Dec. 

7-S 

0-00082 
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16  20  24>> 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles^  CaZ.— Continued. 

The  influence  of  the  larger  disturbances  on  the  diurnal  variation  is 
best  shown  by  means  of  the  accompanying  diagrams  (illustration  No. 
6),  combining  three  months  each,  namely,  two  having  an  equinoctial 
month  for  its  middle  and  two  having  a  solstitial  month  for  its  middle. 
It  would  appear  that  about  the  equinoxes  the  diurnal  variation  exhib- 
its but  one  maximum  and  one  minimum,  whereas  about  the  solstices, 
and  particularly  at  the  summer  solstice,  it  shows  two  maxima  and  two 
minima.  In  all  ca.ses  the  exclusion  of  the  disturbances  leaves  the  gen- 
eral character  of  the  curves  unchanged,  but  diminishes  the  daily  ampli- 
tude. This  diminution  of  the  range  is  greatest  for  the  three  months 
including  the  summer  solstice,  viz:  From  5-5  divisions  or  O-OOOGO  in 
parts  of  JI  to  4:'6  divisions  or  0-00050  in  parts  of  H,  that  is,  one-sixth 
of  the  whole  range. 

As  has  already  been  noticed  the  exclusion  of  the  disturbances  would 
have  the  general  effect  of  raising  the  absolute  value  of  the  horizontal 
force. 

DAYS  OF  LARGE  DISTURBANCES  IN  THE  HORIZONTAL  COMPONENT 

OF  THE  FORCE. 

The  following  table  contains  the  dates  on  which  the  bifilar  curves 
show  large  disturbances.  A  range  of  30  scale  divisions  or  upwards  on 
any  one  day  was  taken  as  a  disturbed  day.  A  range  of  16'  in  declina- 
tion change  (adopted  in  Part  II)  would  correspond  to  0-00436  in  parts  of 
the  horizontal  force  or  to  40  scale  divisions  of  the  bifilar  instrument;  the 
limit  of  30  divisions  or  0'00327  H  has  been  preferred  however,  as  this 
includes  very  nearly  all  days  on  which  the  declination  was  disturbed. 
The  reduction  to  standard  temperature  has  been  applied.  The  table 
is  arranged  similarly  to  that  given  in  Part  ii.  The  hours  are  counted 
from  midnight  (0)  to  24  hours^  and  increasing  scale  divisions  corre- 
8x>ond  to  increasing  force. 
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Bays  of  l<irge  diHturhanc^  in  the  horizontal  component  of  the  force  at' 
Los  AngeleSy  CaLy  October j  1882^  to  Fcbrtiary^  1^89, 

[An  aHtcrisk  (*)  indirnt<?«  day  of  large  disturbance  in  declination.] 


• 

Magnitude 

of  dis- 

Local  mean  time  of 

Extreme  scale  | 

turbance  or  differ-  | 

extremes. 

readings. 

200d.-\- 

Kanj»e 

ence  from 

normal 

Date. 

of  (lay 

in  tenns  of  11. 

in  terms 
of  11. 

Max. 

Min. 

1 

Greatest 
force. 

Least 
force. 

Max. 

Min. 

1882. 

A.  m. 

h.    tfi. 

d. 

d. 

Oct.   2* 

2   25 

II  05 

'63(?) 

86(?) 

•0084 

+  -0035  - 

-  0042 

Oct.   5* 

3  45 

20  10 

147 

88 

64 

17 

45 

Oct.   6 

3  30 

I  15 

144 

112 

35 

14 

20 

Oct.  23 

21  55 

21  30 

'53 

112 

45 

26 

iS 

Oct.  24 

19  15 

21  30 

»43 

112 

34 

'5 

18 

Oct.  27 

22  15 

17  30 

146 

III 

38 

18 

18 

Nov.  II 

22  55 

24  00 

149 

116 

36 

^2» 

'5 

Nov.  12* 

5  35 

21  45 

142 

81 

66 

14 

5' 

Nov.  13* 

5  00 

8  30 

X34 

87 

51 

06 

4' 

Nov.  14 

19  50 

II  10 

141 

103 

41 

12 

21 

Nov.  I7»t 

3  00 

20  10 

148  (?) 

4 

'57  (?) 

+   23(?)  137 

Nov.  i8*t 

2  55 

II  00 

125 

69 

061 

~   02 

058 

Nov.  19*1 

13  50 

20  50 

124 

34 

98 

-f   01 

104 

Nov.  20*"}- 

0  50 

4  15 

14S 

59 

97 

4-   22 

075 

Nov.  21 

22  35 

9  00 

120 

73 

51 

08 

57 

Nov.  25 

8  30 

16  15 

129 

97 

35 

-h   04 

34 

Dec.  15 

16  00 

23  45 

»53 

116 

40 

25 

16 

Dec.  18 

22  05 

20  15 

144 

109 

38 

»5 

23 

Dec.  20* 

7  30 

4  50 

149 

88 

66 

16 

48 

1883. 

Jan.  26 

2  20 

12  25 

145 

"3 

35 

II 

18 

Feb.  I 

8  00 

18  40 

144 

108 

39 

oS 

27 

Feb.  2* 

<  2  10) 
i23  05 i 

17  05 

147 

114 

36 

«3 

21 

Feb.  3 

23  50 

0  05 

148 

117 

34 

15 

iS 

Feb.  22 

23  25 

7  35 

152 

107 

49 

20 

33 

Feb.  24* 

9  H 

19  15 

149 

71 

85 

15 

6S 

Feb.  25 

23  50 

0  10 

137 

105 

35 

03 

32 

Feb.  27 

6  40 

16  10 

141 

100 

45 

03 

36 

Mar.  22 

22  35 

10  30 

149 

119 

Zl 

'4 

17 

Mar.  26 

2  40 

19  40 

148 

107 

45 

II 

32 

Mar.  27 

24  00 

13  35 

145 

X07 

41 

08 

29 

Apr.  3» 

I  25 

825 

«55 

82 

80 

f   13 

62 

Apr.  4 

0  25 

lo  30 

141 

109 

35 

—   01 

34 

Apr.  19 

20  30 

18  30 

145 

110 

38 

■4-  04 

33 

Apr.  24* 

9  00 

18  05 

165 

105 

65 

29 

38 

May  20 

9  40 

'9  35 

151 

105 

50 

II 

40 

May  21 

24  CX) 

13  35 

149 

"5 

37 

05 

32 

June  6 

2  20 

16  00 

165 

«3i 

37 

24 

09 

June  18 

2  00 

16  00 

154 

126 

30 

12 

14 

June  22 

12  05 

19  10 

162 

126 

•0039 

f  -0021  - 

—  0015 

tTho  great  dlstiirbanw  in  November,  1882;  as  in  the  case  of  the  declination,  the  luirvoa 
traced  by  the  bifUar  magnet  have  been  reprodaoed;  sec  diagram  No.  7. 
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Days  of  large  dUtt/^rbance  in  the  horizontal  component  of  the  force  at 
Los  Amjeles,  Cal.j  October,  188^,  to  February,  1889 — Continued. 


• 

. 

Magnitude 

of  dis- 

Local  mean 

time  of 

Extreme  scale 

turbance  or  differ-  | 

extremes. 

readings, 

2001/.  -\- 

Range 

ence  from 

normal 

Date. 

of  day 

in  terms 

of  H. 

in  terms 

of  II. 

(Jreatest 
force. 

Least 
force. 

Max. 

Min. 

Max. 

Min. 

1883. 

A.  m. 

A.    m. 

i/. 

d. 

- 

June  27 

I  30 

«8  35 

158 

121 

•0040 

-f-  -0016  - 

-•0020 

{line  30 

6  15 

16  00 

147 

116 

34 

04 

25 

July     8 

8  30 

635 

166 

134 

35 

7»\ 

04 

July    10 

2  10 

6  00 

162 

"5 

51 

26 

26 

July    II 

»3  55 

17  40 

150 

"3 

40 

'3 

25 

J"Jy  15 

7  00 

15  40 

147 

"5 

35 

II 

23 

July    18 

I  20 

18  45 

162 

121 

45 

2() 

16 

July    29 

16  00 

19  55 

152 

109 

47 

18 

29 

July    30 

4  30 

1835 

142 

106 

39 

03 

33 

Sept.  15* 

'9  30 

22  35 

167 

5' 

126 

39 

85 

Sept.  i6» 

14  40 

19  45 

134 

77 

062 

03 

60 

Oct.      5 

0  00 

8  20 

136 

lOI 

38 

10 

23 

Oct.    16* 

14  10 

20  50 

134 

86 

52    . 

09 

46 

Nov.     I 

ua 

18  40 

132 

102 

11 

08 

23 

Nov.    2 

14  00 

19  00 

123 

84 

42 

01 

42 

Nov.  21 

21 35 

23  10 

142 

90 

57 

+       ^^ 

36 

Nov.  22* 

5  00 

0  35 

119 

76 

47 

—      06 

54 

18S4. 

Feb.  22 

9  00 

16  50 

133 

93 

44 

+      OS 

30 

Feb.   29 

9  so 

21  50 

132 

81 

56 

08 

46 

Mar.     ) 

3  50 

3  00 

'47 

"3 

37 

22 

15 

Mar.  28 

2  00 

21  45 

130 

92 

41 

03 

35 

Apr.   17 

3  00 

17  30 

135 

98 

40 

06 

30 

Apr.  24* 

6  00 

16  40 

135 

99 

39 

05 

29 

May  22 

9  00 

19  00 

142 

no 

35 

II 

^3 

June     2 

8  00 

16  00 

'47 

"7 

Zl 

18 

14 

July  13 

5  30 

16  50 

141 

100 

45 

14 

25 

July    19 

6  00 

20  10 

134 

'03 

34 

06 

25 

July    25 

I  40 

19  40 

'35 

96 

42 

09 

33 

Auj;.  21 

3  00 

15    ID 

'3' 

100 

34 

04 

26 

Se|)t.  13 

I  00 

18  55 

129 

98 

34 

08 

•25 

Sept.  17 

4  35 

1855 

129 

72 

62 

08 

5^ 

Sept.  18 

0  40 

0  00 

121 

89 

35 

01 

35 

Oct.      I* 

14  05 

19  25 

144 

64 

87 

+      32 

56 

Oct.      2 

23  15 

18  40 

116 

75 

45 

—      01 

44 

Nov.     I 

6  25 

22  45 

127 

95 

.35 

-f      10 

22 

Nov.    2 

8  OS 

18  20 

119 

66 

58. 

02 

54 

Nov.    3* 

5  30 

0  05 

124 

77 

5' 

08 

41 

Nov.  28« 

4  15 

0  00 

124 

96 

30 

08 

21 

Dec.  14 

3  xo 

20  00 

121 

87 

37 

08 

28 

Dec.  19 

15  00 

23  05 

125 

95 

•0033 

-f-  -0014  - 

-•0020 

II.  Ex.  43,  pt.  2—7 
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Days  of  lartje  liisturhance  in  the  hnriztmfnl  cnmpnniHt  nf  the  force  at 
Lou  Angeles,  CnKf  Oetober,  1H83,  to  February,  Ifif^fi — Cuntimind. 


May      «• 
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h.  m. 

\  .1  "H 

11  35 

7  3° 
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.83^ 
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0  o,S 
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12  55 

20  IS 
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July    17 

■3  50 

17  40 

July  3' 

'3  <» 

21  ^5 

Aug.     ,. 

2  13 

iS  50 

ifi  so 

21  OS 

Sei-l.    4 

n-M 

'5  50 

Sept.  IS' 

2  45 

ij  20 

Nov.  iS" 

Dec.     7 

«  IS 

16  05 
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of  II.    I 

I     Max.         Min. 


\ih 

33 

42 

i 
60  ! 

">5 
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J6 

\^ 

'3 

14 
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65 

34 

-'5  . 

96 

6i 

38 

05 

11  ' 

99 

69 

33 

04 

=5 

S 

44 

104 

050 

39 

IS 

69 

32 

*4 

99 

57 

46 

37 

107 
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70 
41 

40 
7" 

iH 

S3 

57 

45 

OS 
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74 

■oo,js 

, -OOIJ     - 

■0017 

tTblndtiiluThiincr 
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DnyH  of  large  dinturhance  in   the  horizontal  component  of  the  force  at 
Los  Angeles^  Oal ,,  October^  ISS^,  to  February ^  1889 — Continiud.     , 


Magnitude 

of  dis- 

IxKal  mean  time  of 

Extreme  scale 

«^ 

turlxince  or 

differ- 

extremes. 

•  readings, 

200ti.  4- 

Range 

cnce  from 

normal 

I!)ate. 

of  day 

in  terms  of  H.  | 

A  ^••fc^»» 

in  terms 
of  H. 

Greatest 
force. 

T.east 
force. 

Max. 

Min. 

Max. 

Min. 

1 886. 

n,  fn. 

k.  m. 

^• 

d. 

Jiine  22 

12  45 

16  05 

109 

74 

•0038 

+  0015  - 

-0018 

June  25 

10  30 

17  40 

100 

69 

34 

05 

24 

June  29 

24  00 

20  16 

106 

55 

56 

14 

39 

June  30 

0  05 

16  53 

112 

70 

46 

21 

22 

July  27* 

6  30 

'5  ^7 

98 

44 

59 

08 

1 

49 

Aug.  12 

0  40 

18  25 

100 

65 

39 

II 

24 

Aug.  15* 

23  40 

19  55 

97 

69 

30 

09 

20 

Aug.  23 

15  30 

20  45 

100 

48 

57 

15 

42 

Sept.  9* 

6  00 

23  05 

93 

61 

35 

04 

29 

Sept.  10 

23  45 

16  05 

104 

63 

45 

17 

26 

Sept.  II 

21  25 

9  45 

94 

63 

34 

06 

23 

Oct.   6 

655 

17  15 

95 

50 

49 

12 

36 

Oct.  7 

0  10 

21  35 

91 

59 

35 

oS 

24 

Oct.   8 

5  30 

8  30 

89 

54 

38 

04 

27 

Oct.  19 

II  10 

I  20 

94 

65 

32 

M 

21 

Nov.  2 

7  02 

16  30 

92 

56 

39 

14 

23 

Nov.  6 

6  00 

13  05 

82 

48 

37 

02 

29 

Nov.  30 

3  15 

II  45 

91 

• 

59 

35 

13 

17 

1887. 

Jan.  22 

9  00 

21  30 

92 

55 

40 

16 

20 

Apr.  6 

22  45 

17  40 

84 

53 

34 

10 

24 

Apr.  14 

13  10 

22  07 

87 

57 

IZ 

14 

20 

May  12 

II  10 

17  05 

94 

55 

42 

22 

21 

May  23 

13  58 

1855 

92 

55 

40 

18 

20 

July   7 

2  45 

18  55 

94 

54 

44 

16 

24 

Aug.  I 

3  »o 

19  15 

91 

34 

62 

16 

42 

Aug.  2 

23  45 

21  05 

85 

56 

32 

II 

18 

Aug.  3 

0  00 

»5  30 

82 

51 

34 

oS 

22 

Aug.  28 

)  6  005 

22  10 

76 

46 

ZZ 

01 

30 

Aug.  29 

2  25 

14  05 

85 

54 

3-1 

10 

20 

Sept.  25 

>  6  00  , 

19  20  • 

79 

12 

73 

08 

64 

Sejjt.  27 

4  50 

J 16  10? 
ii8  50S 

76 

45 

34 

03 

28 

Oct.  22 

15  45 

15  42 

91 

53 

41 

24 

17 

Oct.  26 

6  05 

15  10 

80 

49 

34 

II 

21 

Nov.  21 

2  10 

II  40 

88 

32 

6» 

23 

35 

Dec.  21 

7  00 

19  55 

69 

35 

37 

03 

y> 

1888. 

Jan.   7 

835 

23  50 

75 

44 

34 

13 

17 

Jan.  13 

7  45 

II  20 

75 

29 

50 

12 

29 

Jan.  23 

5  55 

16  50 

78 

35 

47 

16 

28 

Mac.  15 

5  05 

22  40 

80 

4») 

37 

13 

22 

Apr.  2 

15  45 

21  10 

75 

44 

•0034 

-I-.0008  - 

-  .CX)25 
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Dayn  of  large  disturbance  in  the  Ihorizontal  component  of  the  force  at 
Lob  Angeles^  Cal.j  October,  1882,  to  February,  1889 — CoDtinued. 


Magnitude 

of  dis- 

Local  mean 

tinie  of 

Extreme  scale 

til rbance  or  differ-  | 

extremes. 

readings, 

200/.  -|- 

Range 

ence  from 

normal 

Date. 

of  day 

in  terms  of  H. 

m  terms 
of  IL 

Max. 

Min. 

Greatest 
force. 

Least 
force. 

Max. 

Min. 

1 888. 

//.  m. 

/;.    ///.' 

d. 

d. 

Apr.   II 

3  OS 

16  4S 

76 

36 

•0044 

-f-  -0007  -- 

--003S 

Mav  20 

3  17 

21  08 

87 

17 

76 

21 

54 

June     3 

0  20 

18  30 

77 

42 

38 

10 

26 

June  22 

6  15 

18  00 

79 

48 

34 

10 

18 

Aug.    3 

3  40 

i«  35 

78 

42 

39 

13 

23 

Aug.  IS 

23  05 

21   00 

79 

48 

34 

16 

17 

Sept.  13 

0  30 

16  00 

82 

49 

36 

21 

>3 

Oct.    19 

2  00 

15   30 

69 

35 

37 

10 

26 

Oct.    30 

14  10 

20    17 

71 

30 

45 

'5 

30 

Dec.  23 

(  8  00? 
\  9  ooj 

20    18 

63 

30 

•0036 

+  •0003  - 

-  0028 

With  our  liiiiit  of  coiiuting  any  daily  range  equal  to  or  exceeding  30 
scale  divisions  (0.00327  H  or  0-()00802  of  a  dyne)  a  day  of  large  disturb- 
ance, we  find  170  disturbcMl  days  in  2  341  days,  that  is,  1  in  14,  with  an 
average  daily  disturban(»,e  range  of  42  scale  divisions,  or  0*00458  H. 
This  average  disturbanc<i  range  is  to  the  ordinary  daily  range  as  458 
to  49,  or  as  0  to  1  nearly.  Classified  by  magnitude  for  differences  of  10 
scale  divisions,  we  have  the  following  table: 


DivSturbaiice 

Number  of 

range. 

days. 

d,         d. 

30  to  40 

los 

40        so 
50        60 
60        70 
70        80 
80        90 
above     90 

34 

14 

5 

5 

2 

5 

In  the  great  November  storm  of  1882,  the  maximum  recorded  range* 
was  144  divisions  ('0157  H)  on  November  17, 3^',  as  near  as  can  be  made 
out;  this  (corresponds  to  a  deflecttion  from  the  normal  for  that  time  of 
126  divisions,  or  -0137  II. 

The  prej)omhTance  of  the  larger  disturbances  decreaHing  the  horizon- 
tal force  over  those  increasing  the  same  is  plainly  brouglit  cmtfrom  the 


*The  trace  passed  to  the  edge  of  the  paper  aud  tosome  imknowii  distance  beyond. 
See  diagram  No.  7. 
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]^( suits  of  the  different iai  measureH  of  the   horizontal  intensity  from 
observations  recorded  at  Ijos  Angeles^  CaL — Continued. 

last  two  columns;  the  ratio  of  the  disturbsnices  decreasing  (—  of  the 
table)  to  tliose  increasing  (+  of  the  tabhj)  the  force  is  as  2'5(>  to  1. 

THE  LUNAR   INFLUENCE   ON   THE   HORIZONTAL   COMPONENT   OP  THE 
MAGNETIC  FORCE  AT  LOS  ANGELES,  CAL.,  1883-18tS8. 

The  methods  of  investigation  are  in  general  tlie  same  as  those  fol- 
lowed hi  the  discussion  of  the  influence  of  the  moon  as  exhibited  by  the 
variations  in  declination;  hence  it  will  suffice  to  refer  to  Part  ii  of  this 
paper  for  all  matter  of  detsiil. 

The  data  forming  tlie  basis  of  the  investigation  are  the  hourly  re<5- 
ords  of  the  changes  of  the  horizontal  component,  r(uluee<l  to  a  uniform 
t<nnperature  of  the  ipagnet,  as  appended.  Each  ordinate  was  marked 
with  the  nearest  lunar  hour  for  future  tabulation,  jnid  theie  were  like- 
wise marked  the  days  of  the  several  lunar  phases,  together  with  those 
of  the  moon's  gi'eat^jst  and  least  declinations  and  of  its  apogee  an<l 
perigee.  As  in  the  case  of  the  declination  ettect,  all  values  previously 
marked  as  disturban(»es  were  omitted  from  the  tabulation. 

lAinar-diurnal  variation. — T1h».  etfect  of  the  mocm  on  the  earth's  hori- 
zontal magnetic  fcn'ce  is  very  minute  and  can  only  be  made  evident  by 
eliminating,  in  the  i>ro(jess  of  reduction,  all  larger  variaticms  due  to 
other  causes  and  by  combining  a  large  number  (several  thousands)  of 
lunar  values  to  a  mean  value.  In  the  treatment  adi  pted,  the  influ- 
ences of  diurnal  and  annual  solar  variations  of  the  disturbances,  of  the 
sun  spot  inequality,  and  of  the  secular  variation  are  all  eliminated. 
Three  years  of  differential  record  were  select<id,  viz,  the  y<*ar  188*'$,  the 
year  1885J-1880J,  and  the  year  ISSH,  yielding  7  570, 7  050,  and  8 105  lunar 
differential  ordinates,  respectively;  these  numbers  were  found  sufli- 
cient  fairly  to  bring  (mt  the  character  and  amount  of  the  diurnal  influ- 
ence. Tne  laborious  nature  of  the  investigations  demands  this  restric- 
tion from  7  to  3  years.* 

The  following  table  contains  for  each  hour-angle  of  the  moon  the  mean 
value  of  all  the  differential  ordinat^vs  at  that  hour  angle,  t.  ^.,  tlie  dif- 
ference between  the  tabular  rea<ling  and  it«  corresponding  monthly 
mean  reading  of  the  bifilar  record.  A  -f  sign  indi(;ates  a  northerly  hor- 
izontal force  greater  than  the  normal,  a  —  sign  a  southerly  disturbing 
fori'C. 


*For  the  purpose  in  hand  a  total  Icnj^th  of  410  metors  (or  nearly  ono- fourth  of  a 
Btatut4»  mUe)  of  photographic  trace  was  eniployo<l,  yieldiuju:  altofrctlier  2H  724  ordi- 
nates, distributed  over  the  24  liour-angleH  of  the  moon.  Since  the  average  width  of 
the  trace  is  about  ono  and  a  quarter  scale  division  and.  an  will  be  Heen.  the  total 
range  of  the  lunar  effect  in  but  two-thirds  of  a  division,  the  whole  of  the  luuar- 
diurual  variatiun  is  conliued  to  half  the  width  of  the  trace. 
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liesults  of  the  diffirential  ineaaurrs  of  the  horizontal   Intemity  from 
observations  recorded  at  Los  Amjcles^  Cal. — Continued. 

In  tlie  preceding  table  I  have  also  given,  for  the  purpose  of  compari- 
son, the  lunar-diurnal  variation  of  the  horizontal  force  at  Philadelphia 
and  at  Toronto,-  the  fornn^r  from  a  three-year  series  by  Dr.  Bache,  the 
latter  from  a  live-year  series  of  observations  by  Gen.  Sabine.  Not  only  is 
th(»  general  chara(*ter  of  the  lunar  effect  the  same  for  the  three  stations, 
viz,  a  diurnal  and  a  semidiurnal  wave  combined,  but  the  amplitudes 
of  the  etlect  are  almost  identical  when  measured  in  parts  of  the  hori- 
zontal force  at  (»ach  ])lace.  This  close  accord,  especially  when  the 
extreme  minuteness  of  the  whole  action  is  considered,  is  also  brought 
out  in  the  accompanying  diagram  No.  8,  in  which  the  figures  of  tlie  last 
three  columns  of  th(?  pre<*e<ling  table  have  been  plotted. 

Expressed  analytically  the  Los  Ang(»les  results  are  represented  by 

H  ^  =  -  0-000  000  1  +  0-000  014  08  sin  (15n  +  40o-l) 

+  0-000  026  18  sin  (30w  +  63o-7) 
+  0-000  001  98  sin  (45n  +  29o-5) 

where II  =  number  of  hours  after  upper  culmination  and  H^  the  corre- 

sixmding  horizontal  force  exj)iessed  in  parts  of  H;  for  absolute  meas- 
ure in  dynes  multijily  by  0-2727.  This  formula  represents  the  observa- 
tions as  follows: 


<fs 

Lunar- diurnal  variation. 

Diff. 

hour- 

,    angle. 
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Lunar-diurnal  variation. 
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We  get  the  probable  error  of  the  representation  of  a  single  value  by 
the  simple  formula^ 

r  =  0-845         ^^_ :--  =  4-  4-3  or  4-  0-000  004  3  part  of  H. 
y/n{n-r)  "  ^ 
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At  PhHa(ldphia  we  have  the  expressiou  for  11^  in  parts  oF  H  (see  p. 
209, 0.  S.  Rep.  for  1802) : 


Ha  = 


-  0-000  000  4  +  0-000  014  00  wn  (Ifm  +  13^^-5) 

+  0-0<K)  021  90  sin  (30m  +  ;Mio-7) 
+  0000  005  64 siu  (45w  +  2440-5) 

and  r  ==  +  0-000  007  8  part  of  H. 

At  Toronto  we  have : 

Uc  =  +  0000  004  3  +  0-000  018  80  sin  (15w  -  G^-4) 

+  0-WM)  02r>  05  sin  (30»  +  150-1) 

+  0-0(M)  (K)4  08  sin  (45n  +  97o-4) 
and  r  =  ±  0-000  005  7. 

To  give  an  example  of  the  hinar-dinrnal  effect  at  a  station  in  the 
southern  hemisphere  I  add  liere  the  result  deduced  by  GeniM-al  Sabine 
from  a  4iyear  series  of  observations  at  St.  Helena  (Mjignetiral  an<l 
Meteorological  Obs(;rvations  at  St.  Helena,  1844-'4t),  Vol.  ii,  Ijondon, 
1800;  Table  xxxvii  and  p.  CXLVII),  slightly  improved  and  (changed  to 
(jompare  with  above  notation. 

11  g  =  4-  0000  002  4  4-  0-000  009  21  sin  (15m  -f  26506)  +  0-000  017  67  sin  ( 30w  -f  130  •  -5) 

4-0-000  002  13  sin  (45m  4-281 -G) 

In  the  following  table  I  have  ])ut  together  for  the  North  American 
stations  the  hour-angles  of  the  moon  for  each  of  the  four  extremes  of 
the  diurnal  iietion,  as  comput-od  by  means  of  the  formula 

d  H 

-  -^^  ^  ^h  cos  (61 4-  c)  +  2  fc,  cos  (2  ^  +  c,)  +  3  fc„  cos  (3  0  +  c,,)  =  0 

and  introducing  the  numerical  values  from  the  given  expressions  for 

H4. 


At  T-os  Angeles,  Cal. 
At  Phi  atlelphia,  Ta. 
At  Toronto,  Can. 


For  Los  Angeles,  Cal. 
For  Piiilatlelpiiia,  Pa. 
For  Turonto,  Can. 


Principal 
maximum. 

Secondary 
minimum. 

h,    fM. 

7  06 

8  19 

9  34 

Secondary 
maximum. 

Principal 
minimum. 

h.    VI. 

1  12 

2  52 
2     40 

M.     m. 

12  30 

13  07 

14  22 

//.     m. 
18     40 
18     41 
20     06 

Amount  in  parts  of  11. 

1    0000397 
-h          032 

-H        0377 

—  'OOO  0187 

—  016 

—  0040 

1 

4-  'OOO  0136 
-f        019 
4-        0229 

—  -OOO  0342 

—  032 

—      0427 
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livsuUif  of  the  differential  measureH  of  the  horizontal  intennity  from 
observations  recorded  at  Los  Anffeles,  VaL — Uoutimied. 

Total  lunar-diurnal  range. 

For  I/)s  Angeles,  Cal.,    O'ooo  073  9  II. 
For  Philadelphia,  Pa.,  64  o 

Fur  Toronto,  Can.,  80  4 

Willie  tho.  North  American  Rtatioiis  ooiH'iir  witlnn  an  lionr.  or  two  to 
assign  tlie  same  position  (hour-angle)  of  the  moon  forea-ch  of  thealmve 
extremes  of  the  horizontjil  fcn'ce  (respectively),  it  is  otherwise  at  other 
stations^  thus,  J.  A.  Broun  found  from  the  Makerstown  (Scotland) 
series  of  observations,  1813-46 — ♦ 

The  greater  maximum,  IJ  hours  after  lower  culmination. 
The  greater  minimum,  8  hours  after  upper  culmination. 
The  smaller  maximum,  2  hours  after  ui)per  culmination. 
The  smaller  mininuim  3  hours  before  up])er  culmination. 

Ilere  the  i)rincipal  and  subordinate  extremes  appear  ex<*hanged  as 
compared  with  the  American  stations.  At  Prague  (liohemia),  from  a 
lO-ycar  series,  1840-49, t  K.  Kreil  found  the  greater  maximum  about 
4.J  hours  after  lower  culmiiiati(m,  and  the  smaller  maximum  about  4J 
Inmrs  after  upper  culmination;  also,  the  greater  minimum  about  10^ 
Inmrs  after  upper  ciilminati<m,  and  the  smaller  one  about  lOi  hours 
after  lower  culmination,  showing  the  same  feature  in  the  diurnal  ine- 
ipiality  as  at  Makerstown.* 

How  far  the  epochal  quantities  c  c,  c,, remain  crmstant  at  any 

one  place  remains  to  be  seen. 

Semiannual  inequality  in  the  lunar-diurnal  variation, — Tf  we  combine 
the  preceding  results  separat^^ly  for  the  six  months,  October  to  March 
(inclusive),  when  the  sun  is  in  south  declinaticm  and  for  the  remaining 
six  montlis,  when  the  sun  is  in  north  declination,  we  get  the  following 
ordinate^,  in  scale  divisions,  of  the  lunar-diurnal  variation,  where 
a  =  the  moon's  hour- angle,  W  the  winti^.r,  and  S  the  summer  half  year. 
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•Trons.  Roy.  Sor.  of  Kdiiiburjrh,  Vol.  xix,  Part  11,  IHIO,  at  Sir  Thomas  M.  Rria- 
baiie*A  observatory. 

t Doiikschriften  of  the  Imperial  Academy  of  Sciences,  Vienna,  VcA..  N,\^<N.   ^Xw 
fluMS  des  Mondes  auf  die  horizon  tale  Compououto  dei  mviftYieW&viXiviW '^x^^lxvW.. 
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The  avrra;^^<'  luinibcr  of  onlinatos  iVoiu  which  niiy  hilmlai*  vahio  i 
ilerivod  is  4i)4.  Thiowu  into  cnrvfs,  the  tabuhir  vahies  for  the  si 
inonths  A^'ith  the  sun  in  S4»iith  declination,  when  C(»ntrastiKl  with  th 
values  for  th<»  period  with  the  sun  in  north  declination,  plainly  show 
peater  niiniinum  at  a— 8*»  (alxmt)  and  a  less  inininmni  at  (r  =  lV 
(alKMit)  in  summer  than  in  winter.  At  Philadel])hia  a  slightly  i^reati 
range  w^^s  noted  for  the  sunnncr  months;  at  this  place  also  the  extreme 
of  the  double  Avave  were  fcmnd  to  occur  earlier  in  wiuter  than  in  suu 
mer.  No  su<*h  difference,  how-evcT,  can  be  detec^ted  at  Los  Angelej 
tlumgh  tlie  principal  minimum  is  li  liours  earlier  in  winter. 

Variation  of  the  Uniar-ilhirnal  force  in  the  pUni4i  of  the  horizon, — Th 
lunar-diurnal  dcHccting  for<*e  acting  in  a  horizontal  plane  may  l»e  rej 
resented  in  direction  and  intensity  in  the  same  manner  as  has  bee 
uhown  in  the  case  of  the  solar-diurnal  <le1lecting  force. 

in  Part  IF  of  this  discussion,  the  east  and  west  com]>onent  of  tb 
lunar  disturbing  forc(»  is  given  in  seconds  of  arc  for  all  hour-angles  c 
the  moon;  multiplying  these  hourly  values  by  ...y^jVjjTf  or  by  0'(MK)Un4H4^ 
we  get  their  cfpiivalent  values  in  terms  of  the  horizontal  force  II.  Th 
combination  of  the  latter  with  the  corresponding  values  of  the  nort 
and  south  component  gives  the  disturbing  force  throughout  the  bum 
day,  as  shown  by  the  accompanying  diagram  (illustration  No.  9). 


E.  and  \V. 

N.  :ind  S. 

4 

K.  and  W. 

N.  and  S. 

([  'shoiir 

^  'shoiir 

aii{;le 

Ci.inijx)neiil* 

Conipcnunt  t 

nni^le 

Comjxjncnt* 

C'omix)!K*nlf 

t. 

in  terms 

in  terms 

0 

in  trims 

in  terms 

of  H. 

of  11. 

of  II. 

of  II. 

\\  C. 

•000034 

-j   -000034 

L.  C. 

—  -000030 

•OQOlX>2 

i»» 

012 

:■        034 

1       i3«. 

—         012 

f-            021 

2 

f-         ^^.5 

r        o.?'» 

14 

003 

005 

-         014 

4-        020 

15 

021 

010 

4 

!-         034 

i-        012 

10 

■\-         030 

017 

5 

:          042 

005 

17 

-i-         044 

-            025 

6 

f-         042 

-        010 

iS 

+        037 

-            036 

7 

f         025 

—        021 

i(» 

-|-        021 

033 

S 

-         003 

024 

1       ^^* 

000 

-            02.S 

y 

—         019 

007 

21 

032 

015 

lo 

t)3o 

-f        008 

22 

039 

-f              003 

II 

0  ^2 

1-         016 

2.? 

1 

034 

023 

- 

•  l)iri\r<l  rrniii  'l.\  8u7  otiHtTvations  t>f  tliiMiiiitilur  iii<i;;iiotuiiii'tor;  a  ■\  sijiii  iiiilirut.  h  u  ilftifctiii;;  fur 
to  tlii^  rast. 

t  Derivod  t'riMii  'j:{  724  obrtorvatioiiH  ul*  tbe  hi  filar  iiiagiit;1<>iiu^tor:  a  -f-  sign  imlirates  a  di'lioi'tiiig  fur 
\m  tlir  iiorlh. 

But  for  some  slight  irregularity  in  the  curve  about  liower  ('ulmiui 
tioii  tin*  tw(»  convolutions  are  plainly  brought  out.  In  this  respect  tli 
lunar  field  is  unlike  that  of  the  sohir  field. 

The  liuear  scale  (of  force)  of  the  lunar  diagram  is  about  15  tinu 
greater  than  that  of  the  solar  ones,  given  on  a  ])receding  page.  A  liii 
drawn  from  the  center  of  the  diagram  to  an/ hour  mark  of  the  curv 
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Los  Angeles. Cat. 

The  lunar-diurnal  deflecting  force 
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KesultH  of  the  tliff'vn'Hfial  nwasurvH  of  ihv  honzoiitnl   iniviiHUy  from 
obatrrationtt  recorded  at  JjOm  AtujeleH^  Cal. — C'ontinuutl. 

will  indicate  in  direction  and  magnitude  the  deiiei*ting  force  then 
aiJting;.* 

Inequality  in  the  horizontal  magnetic  force  depending  on  the  variation  of 

the  lunar  phaftcs. 

This  investijT^ation,  as  well  as  the  two  following  ones,  is  based  upon 
the  C-year  hourly  record  between  lS8,'i  and  1S8S,  inelusivi*,  as  ap- 
]>ended  to  this  i)aper,  hence,  couij)rises  71  lunations.  The  method  fol- 
lowo<l  is  the  sjime  for  the  three  investigati(nis,  viz,  for  any  one  case, 
ue.j  of  pinuse,  declination,  or  parallax,  the  daily  means  (resulting  from 
24  hourly  readings,  but  omitting  all  larger  <listurbances)  of  the  hon- 
zontal  force  on  the  (hiy  of  occurrence,  also  on  the  3  preceding  and  on 
the  3  foUowing  days  were  compared  with  a  normal  mean.  This  normal 
mean  was  obtained  from  the  daily  means  of  the  preceding  14  days  and  of 
the  following  14  days,  count4Hl  from  the  day  of  the  event.  Tiiis  normal 
mean  was  subtracte<l  from  the  4laily  mean,  as  given  by  observation  for 
the  dav  of  the  event,  and  its  six  adjacent  days.  The  ditfenMices  are 
set  down  with  their  proi)er  sign,  a  +  sign  indicating  a  gi-eater,  a  — 
sign  h.»ss  force  than  the  normal.  The  means  of  these  <litterences  were 
then  tabulated!  with  the  following  results,  expressed  in  sc*ale divisions 
(onediv.  =  0-(KM)109H): 

Inequality  in  the  horizontal  force  in  relation  with  the  lunar  phases. 


3  days  before  #. 

2  (lays  before. 

I  day  l^forc. 

On  day  of  new  moon. 

1  day  after. 

2  days  after. 

3  days  after. 

3  days  before  ]) . 

2  days  before. 

I  dav  before. 

On  day  of  tirbt  nuartcr. 

1  day  after. 

2  days  after. 

3  days  after. 


37  lunations.  ! 


IS83- 

1886- 

'4-5. 

'7-'8. 

—    I 

f  -5 

•0 

•0 

—    I 

1-  -3 

-  -5 

—  -I 

-  -I 

+  -5 

-f  'I 

-f-  -2 

-h  -3 

-f-  -6 

-I-  -5 
4  ro 

I  II 

+  I-I 

-f  13 

-f-2-I 

4-1-6 


-l-I-I 
-h  -I 

—  -4 

—  3 

—  1-4 


74 

j  hi  na- 
tions. 


+•2 
•0 

+  •1 
•3 

-f-2 
+  •1 

H--4 

■{-•8 
1-6 

{-•4 

-1-7 
-H-8 

-f '9 
+  1 


37  hinations. 

74 

i88^    1886- 

luna- 

%         <  —         ft  k-     1  ij 

tions. 

'4-5-     7-«. 

3  days  before  Q* 

-f-i-4          -S 

■1-  -4 

2  days  before. 

-^-  -6  I  -  -  -8 

-    I 

I  day  before. 

—    •!    ■    -  II 

-  -6 

On  d.iy  of  full  moon. 

-1-3            II 

1*2 

I  ilay  after. 

-1-7 

-  -4 

2  days  after. 

-  "5       -  -3 

•4 

3  days  after. 

•4    ;    r    -2 

1 

-    •! 

3  days  before  ([  . 

....    -2    ..f    7 

:    -3 

2  days  before. 

-!    -3     i  II 

f-  -7 

I  day  l)efore. 

-4-    -2        ;-    '6 

:     -4 

On  day  of  last  ijuarter. 

•0      \-  -8 

•     "4 

I  day  after. 

•I       t-  -0 

-j-    -2 

2  days  after. 

•I   1   i      x 

\.    '2 

3  days  after. 

:      I       1  14 

i 

i  •« 

The  ligures  of  the  last  column,  when  shown  gra|>hically,  plainly  indi- 
cate an  increase  in  the  horizonhd  for<'e  about  the  times  of  tirsl  and  hist 

•i.  e.,  the  force  ua  ex]>re8Sod  in  imrts  of  IT,  or,  after  innltiplyinpr  with  0-2727,  in 
dyiiort,  with  which  a  uortli  magiift  pob'.  of  unit  strength  would  be  urged  in  tliut 
(lirwtion. 

t  The  work  woa  performed  by  Mr.  L.  A.  Bauer. 
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<|njirters  an<l  a  (locreiiso  about  the  times  of  new  ain I  full  moon.  The 
range  between  the^i^e  extremes  maybe  set  down  as  one  scaUulivisnHi,  or 
about  0.0001  part  of  the  foree.  (See,  also,  accompanying  diagram  illus- 
tration No.  10.)  Tlie  result  from  the  observatums  at  Philadelpl  '  Ly 
Biiche*  {1840-'45),  and  the  result  found  by  Broun,t  from  the  Makers- 
town  observations  (1843-'46),  as  well  as  the  Prague  observations  (1  A3- 
'4(i),  by  Kreil,  support  this  diminution  of  the  force  about  new  moon. 
Still,  much  uncertainty  renmins  respecting  the  total  action  when  *  v- 
eiit  places  ai'e  compared.  This  is  readily  exi)lainable  by  the  ext^'^'no 
smallness  of  the  effect  and  its  consequent  entanglement  with  tL  a- 
merous  other  variations,  which  can  only  be  eliminated  imperfect 

IiwquuUty  in  the  horizontal  magnetic  force  depending  an  the  variutions 
of  the  moon- 8  deelinatimi. — Following  the  same  method  as  before  we  get 
for  the  effect  dei)ending  (m  the  mocm's  extreme  <leclinatious,  and,  when 
crossing  the  ecpiator,  the  results  as  below.  Each  tabular  value  is  the 
mean  of  80  cases,  covering  the  G  years. 


3  years. 

6  years. 

3  years. 

6^          1 

1883- 

1886- 

1883-- 

1883- 

1S8O- 

1883- 

»85. 

'88. 
d. 

'88. 
d. 

'85. 
d. 

d. 

'88. 

J. 

d. 

3  days  l>efore. 

-fro 

•9 

-f-'i 

3  days  before. 

-f  ri 

■\    -4 

■1    7 

2  day.s  l)efore. 

+  7 

-   1*2 

•2 

2  days  before. 

117 

4-  -4 

-{  ro 

I  day  before. 

+  7 

—  ri 

— '2 

I  day  before. 

-f-  -5 

4-  7 

4    -6 

(Jn  day  of  zero  dec- 

•                [ 

On  (lay  of  zero  dec- 

lination. 

+  -6 

—  ri 

:^ 

lination. 

\-  -9 

4-  -9 

4-  -9 

I  day  after. 

-    -8 

I  day  after. 

4     9 

4    -9 

4-   9 

2  days  after. 

-  7 

-  'S 

—6  i 

-.7  ; 

2  days  after. 

t    -6 

4-  -4 

\    -5 

3  tlays  after. 

—  I'l 

.4 

3  days  after. 

-1    -8 

i-  -6 

4    7 

3  days  before. 

II     -1     3 

-•4 

:  3  days  before. 

4-  7 

1^  ro 

"■  1    -9 

2  days  l)L*fore. 

-  -9 

i    -6 

-I 

2  days  before. 

-     4 

4-   -8 

-1-     '2 

I  day  before. 

-    -I 

4-  -6 

■f-3 

I  day  before. 

--   -9 

-f  ro 

4-  -I 

(Jn  (lay  of  extreme 

On  day  of  extreme 

N.  declinalion. 

4-  7 

\-  -6 

-1-6 

S.  declination. 

—  -3 

4-  -9 

4-  -3 

I  day  after. 

--  -5 

4-  -2 

+  •3  ' 

I  day  after. 

—    I 

—  -I 

—  -I 

2  <lays  after. 

;-    -I 

-\-  -4 

+•3 

2  davs  after. 

0 

'O 

-  i-o 

•5 

3  <lays  after. 

t-  -6 

-h  -4 

+•5 

3  days  after. 

4-  -6 

1-6 

..  4 

These  results  indicate,  if  anything  certain,  a  diminished  horizontal 
component  about  the  time  the  moon  crosses  the  equator,  with  im-reas- 
ing  +  declination,  and  an  increased  force  when  crossing  the  equator, 
with  increasing  —  decrlination.  Apparently  no  decisive  effec^t  is  seen 
about  the  times  of  the  extreme  declination  of  the  moon.  The  figures 
presented  in  the  table  also  seem  to  indicate  a  greater  force  at  and 
shortly  after  the  time  of  the  moon's  greatest  north  declination,  and 
again  shortly  before  and  at  the  time  of  the  moon's  greatest  south  dec- 
lination.   They  are  further  shown  on  the  accompanying  diagram. 


*  U.  S.  Coast  Snrvcy  Report  for  1862,  pp.  210,  211. 
tTraus.  Uoy.  80c.  (»f  Kdluburgli,  Vol.  xix,  p.  u. 
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Lunar 

Lunar 

Phase 

Declination 

Inequality 

inequality 

d. 

4  days  before 

-f  1*2 

3  days  before 

--0-I 

2  days  before 

— 0'6 

I  day  before 

— 0-6 

On  day  of  apogee 

— 0-6 

I  day  after 

— 0-4 

2  days  after 

— 03 

3  days  after 

—01 

4  days  after 

— o*9 
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Besults  of  the  differential  measures  of  the  horizontal   intensity  from 

observations  recorded  at  Los  AngeleSjCaL — Continued. 

• 

Inequality  in  the  horizontal  force  depending  on  the  variation  of  the 
moon's  disUin<ie, — Applying  the  same  method  as  before,  but  extending 
it  to  4  days  before  and  after  the  perigee  and  apogee,  we  get  the  fol- 
lowing results,  each  the  mean  of  79  values  and  comi>rising  the  6  yej\r8, 
1883  to  1888: 

d. 

4  days  before  -\-o-6 

3  days  before  -}-07 

2  days  before  -^-O'Z 

I  day  before  — 0*2 
On  day  of  perigee     -j-O'O 

1  day  after  -f-O'4 

2  days  after  -j-o-2 

3  days  after  -|-o-5 

4  days  after  4-0*3                   I 

ironce,  the  force  ap]>ears  increased  jibout  I)erigee  and  diminished 
about  apogee;  tlie  difterence  or  range  of  this  paralhictic  inequality  is 
about  -h  0'3  +  0*2  or  0*5  scale  division.  This  result  is  more  in  accord- 
ance with  what  might  be  expected  than  the  opposite  results  found  for 
Prague  and  Philadelphia,  and  both  Sabine  and  Broun*  hav(».  shown  that 
the  perigee  effect  exceeds  that  of  the  apogee,  and  the  latter  found  it  to 
be  nearly  as  the  inverse  cube  of  the  moon's  distance  from  the  earth. 

THE  PERIOD  OF  THE  SOLAR  ROTATION  DEDUCED  FROM  VARIATIONS 
IN  THE  HORIZONTAL.  COMPONENT  OF  THE  MAGNETIC  FORCE. 

In  the  preceding  Part  11  an  a(»count  has  been  given  of  the  method 
followeil  in  deducing  the  solar  rotation  period  from  the  observed  varia- 
tions in  the  indications  of  the  unifilar  magnetometer,  the  same  method 
depending  on  the  inequalities  of  the  daily  variation  has  been  employed 
with  respect  to  the  bifilar  m«agnetometer.  The  hourly  scale  readings 
(corrected  for  changes  of  temperature  of  magnet)  for  the  year  1883 
were  submitted  to  the  process,  but  all  of  the  largesr  disturbances  (viz, 
those  exceeding  9  scale  divisions  from  the  normal  of  the  hour)  were 
omitted.  The  normals  bein g  subtracted  from  the  hourly  readings  of  each 
month,  a  +  sign  of  the  respective  difference  indicate  a  horizontal  force 
greater  than  the  normal,  a  —  sign  the  reverse.  The  average  amounts 
of  the  positive  and  of  the  negative  values  for  each  day  were  separately 
made  out  and  tabulated.  The  tabular  values  were  next  grouped  for 
rotation  periods  of  24,  25,  26,  27,  and  28  days,  thus  representing  14 
periods.  The  means  (of  14  values)  for  each  rotation  day  and  for  in- 
creasing and  decreasing  force  are  given  in  the  following  table,  to 
which  two  more  groups,  one  of  29,  the  other  of  30  days,  were  added  in 
consequence  of  a  suspected  second  periodicity  connected,  however,  not 
with  the  sun  but  with  the  moon.  The  tabular  numbers  are  expressed 
in  scale  divisions. 


*Encyci.  Brit.  (9th  edition),  Vol.  xvi,  Art.  Meteorology,  p.  177. 
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Groups  of  mean  diurnal  ramjt  differences  for  various  rotation  perwds. 


1 

'  Days 
of  the 

F 

or  increasing 

'  hori/.ontal  force. 

For  decrea.sing  horirontal  force 

> 

period. 

I. 

II. 

III. 

IV. 
29 

V. 

I. 

II. 

111. 

IV. 

V. 

3*2 

I. 

2-5 

2-2 

2*4 

2-2 

17 

1-9 

3*3 

2*3 

2-5 

31 

2-8 

27 

2 

1-8 

2-8 

24 

2-0 

2-9 

1-9 

IS 

2-5 

2-0 

2-2 

2-9 

2-6 

2-6 

32 

3 

2-3 

2-8 

27 

2-2 

2-8 

21 

2-0 

■  24 

2-4 

2-6 

2*6 

2-4 

2-8 

33 

4 

2-5 

2-5 

1-9 

21 

2-5 

1-8 

1-6 

23 

2-2 

31 

2-4 

27 

3-0 

2*9 

5 

2-4 

2-8 

2-1 

3-5 

y2 

1-8 

2-1 

2-4 

2-3 

2-6 

33 

2'3 

33 

30 

6 

2-5 

2-4 

27 

3-4 

^•5 

2'0 

2*2 

1 

1 

'    2-2 

2-6 

33 

3.0 

2-6 

2-6 

2-5 

7 

2-5 

2-5 

3-2 

27 

1-6 

17 

2*5  1 

2-2 

1 

2-8 

30 

30 

2-5 

2-6 

3'2 

8 

2-5 

2-5 

2-3 

2-0 

2*0 

1-4 

2-2    . 

3-0 

2-8 

3» 

31 

31 

3*4 

30 

9 

2-5 

2-1 

17 

1-4 

27 

«5 

2*2 

I 

2-8 

27 

32 

3" 

2-6 

3*3 

2*4 

lO 

2'9 

17 

2-8 

2-3 

1-6 

1-8 

2*9  1 

27 

30 

27 

29 

34 

2-5 

1-6 

II 

27 

1-9 

2-3 

2-6 

1-9 

2-1 

3-1  i 

21 

31 

31 

23 

3*2 

27 

1-6 

12 

27 

19 

2-5 

25 

1-9 

2-6 

3*5 

!    2-1 

2-8 

2*9 

21 

2*3 

2-5 

i-S 

13 

2*6 

2-4 

2-1 

21    • 

'i-s 

27 

3-2 

2-3 

2-6 

2-9 

2-6 

2*3 

23 

1-8 

14 

2-3 

30 

2"2 

2-6 

2S 

2-8 

33 

j    27 

1-9 

2-6 

20 

2*1 

27 

1-2 

«5 

2-0 

2-6 

2-2 

2-5 

2-1 

27 

3*4 

29 

2-8 

2*4 

2-1 

2-9 

2-3 

1-2 

i6 

2*0 

30 

2-5 

2-5 

2-2 

27 

y3  ' 

2-4 

2-5 

2-2 

2-2 

2-8 

2-0 

20 

17 

27 

2-2 

3*2 

2-3 

2'0 

2-6 

3» 

2-2 

3-6 

27 

27 

2-8 

27 

21 

i8 

31 

2-4 

2-4 

2! 

21 

31 

2-8 

;    21 

2*9 

2-5 

27 

2-5 

2-0 

2-3 

'9 

2-4 

2-3 

2*6 

2-4 

2-5 

32 

30 

30 

2-6 

2-5 

2-5 

2-2 

2'0 

2-2 

20 

2-4 

2-5 

2*2 

1-8 

2-8 

3*4 

2-0 

35 

2-3 

2'4 

2-5 

2-6 

'•5 

3-8 

21 

2-1 

2-8 

27 

2*3 

2*9 

37 

20   1 

30 

2-5 

1-8 

2-0 

I  8 

1-2 

2*9 

22 

2-2 

2-4 

27 

21 

37 

3-2 

2*0  j 

27 

2-5 

29 

2-2 

13 

2-0 

31 

23 

2-5 

2-3 

2-2 

2*3 

3*4 

3'2 

2-3 

i  2'7 

2*5 

21 

17 

2-0 

2'3 

2-5 

^4 

2-1 

2-2 

2-5 

2-6 

27 

2-6 

2-8  ; 

1 

;  2-8 

2'3 

17 

1-9 

30 

2-9 

2-8 

25 

2*1 

1-9 

29 

zS 

2-6 

1-9 

2-1 

20 

2-8 

3-6 

27 

3-3 

26 

2-3 

2-3 

2-3 

2-5 

2'2 

2*3 

33 

3*3 

2-3 

34 

27 

2-3 

2-3 

2-4 

1-6 

2'9 

2-6 

3-2 

3-2 

28 

2-5 

2-6 

2-2 

21 

3-8 

3' 

29 

17 

2-0 

3'3 

2-6 

30 

•17 

2-3  1 

j  Mean 

1 

1  ■ 

2-43 

2-41 

2-41 

2-40 

2-43 

242 

2-42 

2'6o 

256 

2-59 

2*59 

2*59 

2-59 

2-58 

{ 

The  l;ir;j:or  means  at  the  ])ottoni  of  the  table  for  horizontal  force 
clecrejisin;:!;,  as  couipared  with  force  inereasini^r,  is  due  to  the  fjieater  ac- 
tivity <»f  the  difitnrhaneos  which  decrease  the  force,  as  already  investi- 
gated. 

The  numbers  n  for  each  of  the  i»eriods  j)  were  next  represented  by 
an  exi)ressiou  of  the  form : 

h=:a+h  sin  (  -—  w+c  ) 


and  they  were  likewise  represented  grai)hi(?ally ;  it  was  found  that  the 
numbers  of  that  half  of  the  table  which  referred  to  increasin^j^  force 
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Results  of  the  differentwl  measures  of  the  horizontal  intensity  fron^ 
observations  reeordvd  at  Los  Angeles,  Ca/.— Continued. 

were  too  irregular  to  be  of  any  value  in  the  present  iu^iuiry;  tor  the 
other  half  we  have: 

d.  d, 
h  r-  2-()  4-  0-235  sin  (n^  +  117'^) 
-h  0-347  sin  (w  0  -  IK)  ) 
+  0472  sin  {n  H  -  33  ) 
+  0-342  sin  (n  6^  +  9  ) 
+  0-ll()  sin  (w  /^  —    47  ) 


p  =  24 


25 
26 
27 

28 


To  rtet4^rmine  tliat  partienlar  period  P,  for  whieh  the  amplitude  6  be- 
comes a  maximum,  we  express  th(*  abj>ve  amplitudes  by  the  form 

ft  =  rr  +  /^  (i>  -  20)  +  ;/  (2>  -  20)» 

hence  the  observation. equations: 

0-235  =  a-  2/?+  4y 

0-^U7  =  a  -  /?  +  y 
0-472  =  a 

0-342  =  «  +  /?  +  y 

0-116  = «+  2/?+  4y 


and  the  normal  equations 


+  10;. 


1-512=    5« 
-0-243=  10/!^ 

2-003  =  10a  +34;/ 


r  «  =  +  0-4354 

whence  ll^=-  0-0243 

I  ;/  =  -  0-0665 


For  the  coiulition  of  the  maximum  we  have: 

|^=//  +  2;.(i)-26)  =  o  and   P  =  26  -  ^f 
0  =  -  0-0243  -  0-1330  (P  -  26)  and  P  =  25-82  days. 

The  observed  and  romputt'd  amplitudes  compare  a5  follows: 


01)Serve«l  0. 

C.'oniiJUtcil  fy. 

()  — c 

•V)5 

•218 

■1  017 

\U7 

'^^^ 

—  046 

•472 

■4.55 

4- -0.^7 

•J42 

WIS 

•003 

•116 

•121 

-    005 

Prom  the  reduction  of  the  unifilar  riM-ord  the  resultinj^r  value  of  the 
(magnetic^)  rotation  period  was  found  to  be  somewhat  less  tlian26days; 
the  weight  of  the  above  result,  however,  from  the  bililar  record  is  very 
much  stronger,  and  25-S  days  s«»ems  to  be  near  an  average  value,  deduci- 
ble  from  the  results  by  other  invest ig^i tors. 
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The  greatest  rauge  due  to  solar  rotation  is  twice  0*44  scale  divisions 
or  0K)(MK)48  in  parts  of  H,  as  the  result  ft*oui  14  synodic  solar  rotiitions  in 
the  year  1883.    According  to  Spoerer  a  rotation  period  of  2o'8  days 
would  corresiwnd  to  the  rotation  deduce<l  from  the  sun  sjwts  in  helio- 
graphic  latitudes  of  about  17°. 

When  the  grouping  of  our  ditferential  range  data  was  extended  to  29 
and  30  days^  a  second  regularity  made  its  appearance,  both  for  the  in- 
creasing and  for  the  decreasing  horizontal  force,  and  which  seemed  to 
have  its  most  prominent  development  for  a  period  of  about  29J  days. 
This  points  to  a  lunar  origin  (synodic  revolution) ;  the  range  consider- 
ably exceeds  that  just  found  for  the  solar  rotation  effect.  The  exist- 
ence of  a  29J-day  i)eriod  was  noticed,  long  ago,  by  J.  A.  Broun,  and 
referred  by  him  to  a  lunar  revolution.* 

i  *See  Traus.  Hoy,  Sue,  Ediub.,  Vol.  xvi,  1846,  aud  Phil.  Traus.  Koy.  ISou.;  Vol. 

t  Hi6,  187d-77. 
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U.   S.   COAJST  AND   GEODETIC   SUKVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  2>hotographic  traces  of  the  bifilar 

[Local  mean  time.  200  diyisions  plus  tabular  quantity,  one  division = 0*000109  in  parts  of  H.    All 

OCTOBER,  1882. 
[For  the  explanation  of  these  tables  seo  pp.  5^,  54.) 


Day. 

i»^ 

2h 

3^ 

4»» 

S** 

6^ 

7'* 

S^ 

9" 

IO»» 

ij»>  Noon. 

I 

131 

133 

133 

134 

135 

«33 

«3« 

130 

129 

127 

125 

125 

•2 

13* 

152* 

134 

138 

»23 

109* 

114* 

119 

112* 

100* 

99* 

125 

3 

127 

130 

130 

129 

13" 

131 

129 

129 

129 

128 

126 

127 

4 

136 

'32 

132 

134 

132 

»34 

131 

128 

129 

I3« 

«3« 

125 

5 

142* 

141* 

143* 

147* 

142* 

145* 

142* 

141* 

138* 

141* 

134* 

125 

6 

122 

ii8» 

128 

132 

«39 

130 

«3i 

128 

127 

127 

125 

123 

7 

131 

"32 

133 

132 

132 

131 

'30 

132 

133 

^33 

i33 

«32 

8 

9 
10 

132 

132 

132 

132 

«32 

»3i 

130 

127 

127 

129 

130 

128 

11 
12 

[133]  [133]  ['33]  [134]  [ 

lill  I 

;'33] 

[172"]  [130]  [1 2*81 

[1*28]  [126]  [ 

:i27] 

13 

133 

132 

133 

134 

134 

132 

130 

128 

126 

128 

129 

130 

14 

131 

129 

132 

129 

129 

127 

125 

121 

121 

121 

122 

125 

15 

128 

130 

129 

135 

131 

131 

I3» 

125 

125 

125 

124 

127 

16 

[128]  [128]  [128]  [128]  [ 

:i27]  [ 

:i26] 

[124]  [122]  [119] 

[118]  [116]  [ 

:ii7] 

17 

129 

128 

129 

131 

130 

131 

132 

129 

124 

121 

116 

"7 

18 

128 

127 

131 

129 

129 

130 

130 

129 

126 

126 

124 

123 

19 

129 

129 

129 

130 

129 

129 

125 

121 

117 

120 

119 

119 

20 

132 

^33 

133 

134 

134 

^33 

131 

127 

126 

130 

128 

126 

21 

131 

130 

130 

130 

131 

130 

126 

124 

124 

125 

126 

126 

22 

127 

128 

129 

131 

130 

»3i 

128 

122 

124 

122 

125 

121 

23 

129 

130 

125 

132 

133 

132 

^33 

132 

128 

127 

127 

128 

24 

116* 

121* 

126 

129 

132 

135 

«34 

135 

i3« 

131 

130 

131 

25 

125 

Ii6» 

129 

129 

130 

129 

129 

127 

125 

125 

124 

129 

26 

130 

132 

132 

132 

132 

132 

129 

«3o 

125 

124 

125 

125 

27 

128 

131 

133 

133 

135 

135 

134 

130 

128 

127 

127 

129 

28 

131 

132 

132 

131 

«J4 

138 

i3> 

129 

126 

128 

120 

114* 

29 

142* 

129 

130 

125 

129 

130 

128 

126 

125 

123 

120 

126 

30 

13s 

132 

130 

129 

129 

'3' 

129 

«3' 

124 

"7 

118 

124 

31 

131 
130-3 

133 
>3o-5 

'31 

131 

132 

131 
1311 

130 

129 

129 
125-9 

[129]  [128]  [ 

128] 

Monthly  I 
mean  5 

131-0 

i3'-9 

I3«« 

129-6 

1279 

125-4 

124*2 

125*1 

Normal 

1299 

1307 

1306 

I3»'4 

131-4 

131-4 

1297 

127-4 

126-0 

125-8 

124-8 

125-5 
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HORIZONTAL  INTENSITY. 


magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

rsadl&s*  refomd  to  atandard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  foroo.] 

OCTOBER,  1882. 


IS** 

I4»» 

iS^ 

i6»> 

lyh 

i8»» 

i^ 

20*» 

21>» 

22'* 

23*»  J 

Mid- 
light. 

Daily 
mean. 

Daily 
range. 

127 

129 

131 

«3o 

129 

129 

129 

129 

128 

125 

123 

127 

['29-3; 

[120*5 

,24 

122 

116 

114* 

[112*] 

110* 

ii8* 

114* 

123 

132 

125 

125 

125 

77rr) 

128 

125 

129 

129 

^ZZ 

134 

133 

132 

127 

127 

129 

ns 

129*5 

10 

i3« 

127 

132 

m 

135 

137* 

137 

137 

136 

136 

135 

142* 

133-0 

20 

11$ 

125 

131 

130 

125 

125 

III* 

93* 

123 

109* 

116* 

137 

130-2 

59 

121 

123 

123 

126 

128 

130 

130 

130 

130 

X3I 

131 

131 

127-7 

32 

121 

129 

129 

128 

130 

132 

133 

133 

132 

^ZZ 

132 

132 

131-2 

14 

130 

132 

131 

[128] 

[128]  [130]  [130]  [129]  [129]  [132]  [130]  [132] 
---   ---   ---   ---   ---   ---   ---   --- 

[l^o-i] 

[9] 

["7]  [ 

:i27]  [129]  [128] 

128 

128 

128 

128 

131 

131 

131 

136 

[1301; 
[130*8 

[i"o] 

130 

131 

130 

130 

[130] 

131 

I3« 

132 

131 

131 

131 

131 

12 

128 

129 

125 

121 

118* 

122 

131 

124 

125 

129 

130 

136 

126*3 

18 

127 

128 

129 

129 

[129]  [129]  [130]  [128]  [127]  [129]  [127]  [128] 

[128*4] 

11 

[116]  [ 

116]  [117*; 

[116*] 
[123] 

115* 

121 

118* 

118* 

120 

134 

129 

137 

[122-4] 

[i26*r 

22(?) 

121 

121 

124 

123 

124 

127 

128 

129 

129 

129 

I3« 

23 

122 

122 

123 

124 

127 

129 

129 

128 

128 

129 

128 

128 

127*0 

II 

122 

124 

127 

129 

129 

129 

130 

130 

131 

131 

131 

131 

126*7 

15 

127 

118 

129 

129 

130 

131 

132 

131 

131 

131 

130 

130 

129*8 

16 

127. 

128 

128 

128 

128 

128 

130 

128 

126 

129 

128 

126 

127*8 

8 

116 

"7 

120 

113* 

120 

122 

«23 

120 

123 

130 

130 

127 

124-1 

19 

128 

128 

129 

128 

129 

129 

130 

131 

117* 

150* 

119* 

120* 

128*9 

41 

134* 

136* 

137* 

137* 

133 

134 

135 

*37 

123 

124 

120 

115* 

129*8 

31 

130 

124 

127 

126 

127 

125 

124 

126 

129 

133 

137 

132 

127*4 

17 

122 

124 

125 

126 

126 

127 

128 

129 

128 

129 

130 

"3 

127*7 

16 

126 

127 

129 

129 

123 

119 

130 

121 

112* 

13« 

123 

128 

127*9 

35 

115* 

116 

119 

113* 

114* 

121 

122 

118* 

127 

122 

125 

126 

124-3 

28 

124 

122 

127 

125 

124 

127 

131 

13X 

128 

129 

129 

130 

127*5 

24 

127 

127 

128 

»3o 

ni 

129 

129 

129 

129 

129 

130 

130 

128*2 

21 

[128]  [ 

:i27][i29] 

1 28 

128 
126*1 

128 
127-4 

129 

129 

«3o 

128 

128 

130 

[129*3] 
127-93 

6 

124*9 

124-9 

126-8 

1260 

1 28-0 

126-9 

127*2 

129-5 

1 28- 1 

129-9 

124-9 

124*5 

127-3 

1277 

128-0 

1274 

129*6 

128-9 

128-2 

129-5 

128-9  I30'4 
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U.   8.   COAST, AND   GEODETIC   8UBVEY. 


DIFFERENTIAL  MEASURES— 

'Hourly  readings  from  the  photographic  tra^s  of  the  bifilar 

[Looftl  mean  time.        200  dlvivioiiB  pliu  tobnlar  qnaxitity,  one  diTision = 0*000100  in  parU  of  H.    AU 

NOVEMBER,  1882. 
[Tor  the  explanation  of  theae  tablea  aee  pp.  53,  M.] 


Day. 

li> 

2k 

3^ 

4* 

S^ 

6k 

7'> 

8k 

9^ 

lOk 

Ilk 

Noon. 

I 

128 

130 

»32 

131 

131 

129 

130 

127 

126 

125 

123 

124 

2 

132 

131 

132 

130 

128 

129 

130 

126 

124 

124 

125 

125 

3 

128 

131 

133 

130 

131 

128 

127 

124 

121 

117 

117 

121 

4 

130 

130 

126 

130 

130 

130 

129 

126 

125 

126 

126 

127 

5 

132 

132 

133 

132 

^33 

132 

132 

129 

125 

122 

121 

122 

6 

128 

129 

129 

131 

132 

134 

133 

128 

124 

118 

"3 

124 

7 

136 

131 

130 

129 

130 

132 

132 

123 

124 

119 

124 

122 

8 

127 

128 

131 

130 

129 

131 

130 

127 

127 

127 

126 

126 

9 

.  126 

127 

130 

131 

134 

131 

127 

126 

124 

118 

119 

122 

10 

131 

131 

131 

132 

132 

132 

130 

130 

125 

126 

123 

124 

II 

134 

134 

133 

134 

134 

133 

131 

129 

126 

124 

124 

128 

12 

109* 

133 

122 

123 

133 

130 

126 

120 

124 

114 

108* 

109* 

13 

109* 

113* 

121 

113* 

134 

115* 

105* 

"7 

99* 

104* 

98* 

108* 

14 

120 

120 

121 

121 

122 

123 

113* 

114* 

112* 

no* 

104* 

"3 

IS 

109* 

"5* 

122 

122 

129 

128 

131 

127 

115* 

"5 

114 

116 

16 

131 

126 

125 

130 

126 

128 

129 

127 

124 

125 

126 

123 

17 

127 

126 

148* 

91* 

96* 

93* 

93* 

90* 

80* 

86* 

89* 

89* 

18 

93* 

94 

115* 

87* 

93* 

98* 

lOO* 

96* 

99* 

92* 

69* 

95* 

»9 

II2» 

III 

117* 

117* 

117* 

lOI* 

104* 

105* 

io8» 

115 

118 

"3 

20 

123 

81 

66* 

88* 

80* 

103* 

83* 

89* 

86* 

78* 

8i* 

83* 

21 

108* 

108 

109* 

III* 

no* 

112* 

112* 

90* 

73* 

79* 

78* 

8i* 

22 

112* 

113 

114* 

114* 

115* 

115* 

114* 

112* 

III* 

109* 

108* 

109* 

23 

117* 

118 

121 

118* 

Ii8* 

117* 

122 

"7 

"7 

III* 

no* 

109* 

24 

120 

121 

122 

122 

121 

123 

123 

»23 

125 

122 

119 

121 

25 

123 

123 

123 

125 

125 

125 

122 

126 

125 

98* 

107* 

121 

26 

120 

120 

120 

121 

121 

121 

125 

115* 

125 

125 

121 

118 

27 

125 

123 

126 

125 

124 

124 

125 

122 

122 

119 

118 

"7 

28 

130 

129 

127 

126 

129 

128 

130 

128 

130 

122 

119 

121 

29 

[131]  [ 

Ui][ 

nzl 

[131]  [132]  [ 

131] 

[130]  [127]  [125] 

122 

119 

121 

30 

125 

131 

134 

133 

134 

135 

135 

133 

132 

130 

126 

123 

Monthly) 
mean  5 

122*5 

122*3 

124*2 

121*9 

123-4 

123*0 

121*8 

119*1 

ii6*8 

114*1 

1 12-8 

115-2 

Normal 

127*6 

128*0 

127*4 

1 28*  I 

129*3 

129*0 

128-6 

125*5 

124-8 

121*7 

121-6 

121*5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  tlie  Los  Angeles  Magnetic  Observatory. 

readings  roferred  to  standard  temperature  of  magnet.    Increasing  nambera  indicate  increasing  force.] 

NOVEMBER,  1882. 


1311   i4h 

iS^ 

i6«> 

lyb 

i8»» 

I9*» 

20h 

2ih 

22»» 

2,h   Mid- 
^3   night. 

Daily 
mean. 

Daily 
range. 

125   123 

128 

129 

130 

I3« 

135 

135 

nz 

'32 

132 

135 

129-3 

lA^ 

125   125 

128 

127 

139* 

'35 

143* 

132 

134 

128 

128 

128 

129-5 

24 

125   127 

126 

127 

128 

127 

130 

130 

130 

129 

129 

129 

126*9 

17 

129   128 

129 

130 

131 

132 

133 

133 

133 

134 

131 

131 

129-5 

10 

116   124 

126 

128 

125 

124 

125 

129 

129 

128 

130 

128 

127*4 

17 

126   127 

126 

129 

126 

129 

130 

129 

128 

129 

132 

13J 

1 28*  I 

17 

120   121 

124 

126 

129 

129 

129 

128 

129 

'3' 

129 

130 

127*4 

17 

123   '24 

126 

128 

127 

127 

127 

126 

128 

129 

128 

129 

127*5 

9 

126   123 

"7 

119 

128 

129 

129 

129 

129 

129 

130. 

130 

126*4 

17 

126   126 

126 

131 

132 

132 

132 

133 

nz 

132 

132 

nz 

129-8 

II 

126   127 

129 

144* 

144* 

136 

133 

131 

133 

128 

147* 

116* 

1316 

33 

106*  105* 

98* 

98* 

94*" 

88* 

107* 

104* 

84* 

89* 

85* 

125 

109-8 

61 

103*  10 I* 

98* 

113* 

118* 

115* 

115* 

108* 

III* 

116* 

122 

127 

III-8 

47 

118   125 

127 

130 

133 

130 

130 

134 

122 

122 

116* 

130 

121*2 

38 

117   122 

126 

124 

129 

129 

131 

128 

1 28 

127 

125 

125 

123.2 

25 

124   121 

126 

123 

no 

138 

128 

126 

127 

127 

125 

126 

1267 

26 

96*   98* 

80* 

57* 

Z3* 

18* 

41* 

6* 

85* 

42* 

61* 

88* 

797 

144 

91*   76* 

78* 

95* 

98* 

104* 

113* 

no* 

103* 

108* 

107* 

109* 

96-8 

56 

115   117 

118 

116* 

98* 

48* 

70* 

63* 

53* 

63* 

55* 

52* 

96-1 

90 

95*  91* 

# 

8o» 

82* 

94* 

98* 

105* 

lOI* 

105* 

io6* 

107* 

108* 

92*2 

89 

86*  81* 

92* 

99* 

III* 

114* 

"3* 

112* 

111* 

115* 

117* 

116* 

101*6 

47 

no*  112* 

114* 

117* 

117* 

116* 

120 

117* 

117* 

117* 

122 

117* 

114-3 

16 

115  118 

120  ' 

120 

ii6* 

118* 

119 

119* 

119* 

123 

118 

118* 

1174 

15 

121  121 

124 

122 

113* 

115* 

120 

120* 

118* 

118* 

119 

119* 

I20*5 

13 

120  121 

"7 

98* 

no* 

113* 

114* 

120* 

117* 

118* 

122 

120* 

1180 

32 

117  119 

121 

121 

120* 

120* 

120 

132 

125 

125 

124 

136 

122*2 

21 

"9  123 

125 

128 

129 

128 

127 

129 

129 

127 

125 

126 

124*4 

13 

122  126 

129 

130 

130 

127 

127 

126 

126 

128 

['29]  [ 

131] 

[127-1! 

13P) 

128  130 

n:i 

134 

134 

133 

133 

133 

131 

129 

127 

"33 

[129-6] 

i5(?) 

122  121 

129 

^iZ 

134 

132 

128 

126 

127 

125 

'30 

130 

129-5 

15 

ii6'4ii6-8 

"7*3 

II 8-6 

119-3 

117-2 

I20'2  ll8-^ 

\  119-2 

118-5  "9*5 

121-9 

II9-18 

I22'0 123*4 

.125-2 

1270  1297  130-4 

127-9  '30*' 

[  129-2 

128- 

I  1268 

129-6 

X18 


U.   8.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  theT^hotoffraphic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  qoantity,  one  division  =  0000100  in  parts  of  fi.    All 

DECEMBER,  1882. 
[For  the  explanation  of  these  tables  see  pp.  53.  54.] 


Day. 

Ih 

2h 

s"* 

4»» 

S"* 

6tf 

7* 

8»» 

9* 

IO*» 

lib 

Noon. 

I 

129 

130 

129 

131 

I3« 

130 

130 

131 

'30 

125 

122 

122 

2 

128 

128 

128 

129 

129 

130 

130 

131 

'34 

'3' 

'30 

128 

3 

129 

129 

130 

130 

131 

132 

133 

«32 

'30 

'30 

126 

125 

4 

130 

125 

128 

129 

131 

129 

'35 

'35 

125 

132 

128 

128 

5 

129 

130 

130 

130 

i3« 

^33 

134 

'33 

'30 

'23 

122 

'23 

6 

132 

132 

131 

132 

132 

133 

134 

134 

'33 

'32 

'30 

127 

7 

132 

nZ 

133 

133 

133 

«34 

135 

136 

'33 

'32 

129 

129 

8 

133 

^ZZ 

133 

134 

134 

134 

134 

'34 

'33 

1^33]  [ 

U3l 

'35* 

9 

^:i:i 

132 

132 

134 

135 

134 

134 

'36 

133 

'34 

'36 

U3 

10 

^ii 

J34- 

135 

133 

13s 

136 

13s 

'36 

'34 

133 

'33 

130 

II 

136 

137 

134 

133 

134 

135 

137 

'36 

'3' 

'30 

130 

128 

12 

129 

129 

136 

132 

131 

132 

'32 

'30 

128 

128 

127 

128 

13 

134 

134 

134 

ns 

135 

133 

'^ 

^33 

'3' 

127 

'23 

'23 

14 

135 

136 

136 

137 

137 

137 

138 

'37 

'35 

'30 

127 

129 

15 

136 

137 

142* 

141 

142* 

140 

141 

140 

139 

'37 

'3' 

128 

16 

121 

116* 

I20» 

ii7» 

120* 

121* 

122* 

128 

'30 

'32 

126 

118 

17 

128 

>3o 

130 

132 

134 

133 

134 

'32 

'3' 

126 

124 

'23 

18 

130 

'30 

130 

^32 

132 

132 

132 

^32 

'32 

'30 

127 

125 

19 

122 

129 

128 

128 

128 

129 

130 

'32 

^33 

130 

124 

121 

20 

127 

132 

130 

135 

134 

141 

I47» 

148* 

'43* 

128 

115* 

ii6» 

21 

125 

1 14* 

125 

120* 

117* 

1 23* 

124* 

122* 

126 

122 

108* 

1 09* 

22 

129 

127 

130 

126 

128 

128 

127 

126 

'3' 

127 

124 

120 

23 

130 

128 

129 

132 

129 

131 

»33 

'30 

128 

'?3 

ii6» 

"7 

24 

131 

i3:s 

132 

130 

131 

128 

I3« 

'35 

'34 

127 

122 

123 

25 

131 

132 

132 

^33 

'34 

131 

131 

132 

'35 

133 

128 

125 

26 

132 

133 

133 

J  33 

133 

«34 

137 

'38 

'39 

'36 

'32 

'32 

27 

U' 

133 

132 

^33 

134 

134 

«35 

'35 

'36 

^33 

127 

126 

28 

127 

129 

129 

I3>  [ 

132]  [ 

133] 

[134]  [ 

'35]  [ 

'351 
'43* 

'32 

'30 

128 

29 

126 

128 

129 

135 

'32 

136 

136 

'38 

'39 

'36 

128 

30 

X31 

132 

133 

^33 

135 

136 

137 

'38 

'39 

128 

127 

130 

31 

129 

131 

^ZZ 

133 

• 

135 

132 

135 

'36 

'36 

'32 

126 

125 

Monthly) 
mean  \ 

129*9 

1302 

131-2 

»3i-5 

«3i-9 

1324 

^33'^ 

'33*9 

'33*2 

130*2 

126*4 

125*3 

Normal 

129*9 

131-2 

131*2 

132*4 

»32S 

1 33*  I 

133*9 

'33*8 

132-6 

1302 

127*9 

125*8 
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HORIZONTAL  INTENSITY  -Continued. 

mag^netameter  of  the  Los  Angel€§  Magnetic  Observatory, 

FMidin^  referred  to  standard  temperatare  of  magnet.    Increasing  unmbers  indicate  increasing  force.] 

DECEMBER,  1882. 


13**      I4*»     I5*»         i6»>       17^      l8*»         I9'»      20*»     2l'»        22*»      23*» 


Mid- 
night. 


Daily 
mean. 


123 

126 

127 

ii8» 

122* 

126 

126 

128 

128 

125 

126 

127 

126 

127 

128 

128 

128 

125 

126 

127 

127 

129 

128 

133 

127 

128 

130 

"31 

130 

131 

131 

128 

^32 

'30 

129 

'35 

119 

122 

123 

122 

129 

130 

129 

130 

129 

129 

129 

129 

122 

125 

127 

130 

130 

132 

133 

132 

'32 

'32 

'32 

^33 

128 

130 

130 

'31 

131 

131 

«3i 

^33 

'34 

'34 

^33 

132 

126 

130 

132 

134 

134 

»34 

'33 

133 

'33 

133 

'32 

132 

«35* 

135 

134 

134 

136 

136 

136 

'36 

'32 

128 

128 

'32 

129 

123 

126 

130 

133 

131 

130 

'30 

'3' 

'32 

'33 

^33 

«3« 

'32 

135 

^37 

137 

136 

'32 

129 

'33 

'32 

140* 

'35 

128 

130 

131 

124 

130 

128 

129 

127 

127 

125 

129 

129 

129 

130 

132 

136 

136 

134 

'34 

^33 

'33 

'32 

133 

'34 

127 

131 

^H 

136 

136 

136 

'34 

'34 

^33 

'34 

'34 

'34 

132 

135 

138 

i3» 

138 

138 

'37 

'37 

'36 

'35 

'36 

'35 

127 

134 

137 

153* 

138 

126 

126 

124 

129 

127 

125 

'30 

ii6» 

128 

133 

135 

^33 

133 

'36 

'30 

'3' 

'32 

130 

129 

125 

127 

130 

^33 

134 

^33 

128 

127 

126 

129 

130 

'30 

124 

121 

126 

I20* 

133 

131 

127 

116* 

ii6* 

141* 

115* 

116* 

121 

123 

126 

127 

130 

129 

130 

128 

129 

'30 

127 

'32 

120 

Ii6» 

104* 

I02* 

95* 

104* 

1 1 2* 

102* 

103* 

105* 

'3' 

119* 

ii6» 

118* 

122 

123 

I20» 

126 

124 

124 

'34 

126 

124 

128 

118 

121 

124 

123 

1 28 

126 

125 

123 

127 

129 

125 

'3' 

118 

125 

126 

131 

132 

13X 

'32 

130 

130 

129 

'3' 

n3 

124 

;^ 

132 

133 

»32 

131 

'3' 

'30 

130 

'3' 

'30 

'34 

126 

132 

132 

134 

«33 

132 

^33 

'3' 

132 

'3' 

132 

132 

134 

136 

142* 

142* 

'37 

'34- 

'33 

129 

'3' 

'32 

130 

131 

135 

133 

133 

131 

123 

'23 

126 

127 

125 

122 

124 

129 

130 

131 

132 

«32 

128 

128 

124 

123 

'30 

128 

129 

129 

132 

130 

«23 

129 

132 

133 

»30 

129 

'30 

'30 

'32 

128 

132 

131 

125 

130 

>32 

'3' 

'3' 

128 

129 

129 

130 

124 

125 

129 

131 

132 

132 

'32 

130 

'33 

'34 

'32 

130 

I2SS 

1278 

1293 

129*9 

1308 

130-2 

129-8 

128-3 

128-9 

129-7 

129-5 

1304 

I2S'8 

(128-6 

130-1 

»3o-5 

132-4 

131-0 

130-4 

129-7 

130-2 

130-1 

129-6 

^3^-3 

[ 


26-7 

287 

30-0 

28-1 

295 

317 
324 

335] 
.32-0 

340 

307 
31-6 

325 
35  4 
34-6 

26-5 
295 
27-1 
278 

21*2 

21*7 
26-0 
28-1 
302 

3''4 

34*3 
JO- 1 
30-0] 

31-9 
3'-5 

3'-' 


30-00 


Daily 
range, 


'4'* 
10 

II 

'9 
'3 

8 
10 
10 
10 

'3 

21 
10 

'3 
II 

37 

25 

13 

35 
18 

61 

27 

'4 

'7 

'4 
II 

'4 

'5 

ii(?) 

21 
16 

'3 
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U.   8.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  moan  time.         2u0  diviaionii  plus  tabular  quantity,  one  diviaion  =  O'OOOlutt  iu  parU  uf  U.    All 

JANUARY,  1883. 
[Fur  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

i»» 

2h 

3'* 

4'» 

5»» 

6«» 

7h 

8»» 

9U 

io»» 

ii»»  Noon. 

I 

133 

133 

'34 

'34 

'33 

'37 

'37 

'34 

'33 

128 

121 

118* 

2 

132 

133 

^11 

134 

'34 

'35 

'36 

'36 

'33 

126 

124 

127 

3 

132 

130 

'35 

'36 

'36 

'36 

'36 

138 

'37 

'34 

129 

129 

4 

136 

136 

'36 

m 

'39 

'38 

'39 

140 

'37 

'3' 

130 

'30 

5 

132 

134 

'35 

'36 

'37 

'39 

140 

'39 

138 

'35 

'36 

'36 

6 

133 

m 

'34 

'38 

'36 

141 

144 

142 

^n 

'32 

'35 

'31 

7 

13' 

136 

140 

'37 

'36 

'36 

'36 

'37 

'35 

'3'. 

128 

130 

8 

128 

132 

'37 

137 

'32 

'37 

'39 

'35 

m 

'30 

126 

'32 

9 

136 

133 

'34 

'34 

'35' 

'35 

'33 

132 

132 

'30 

125 

128 

10 

136 

136 

'36 

'36 

'37 

^yj 

'35 

'34 

'3' 

129 

'30 

132 

II 

'33 

m 

132 

'32 

'32 

132 

'3' 

130 

129 

126 

126 

129 

12 

137 

138 

'36 

'37 

'38 

'38 

m 

'35 

'3» 

127 

'30 

'33 

13 

138 

138 

'38 

'38 

'39 

'39 

'38 

'36 

'36 

'3' 

'3' 

130 

14 

134 

136 

'36 

m 

'38 

'38 

138 

'38 

'35 

'30 

126 

124 

15 

138 

138 

^Z"^ 

'38 

'39 

'39 

'38 

'36 

'3' 

'27 

128 

134 

16 

135 

'35 

135 

'37 

'36 

'38 

138 

'38 

'36 

'3' 

126 

128 

17 

138 

138 

m 

'38 

'39 

'38 

141 

'33 

'37 

'34 

129 

127 

18 

142 

'35 

^Zl 

'34 

'34 

'35 

^i^ 

'38 

'35 

'32 

121 

127 

19 

138 

138 

'38 

'38 

'39 

'39 

'39 

'38 

nz 

'3' 

128 

128 

20 

134 

'32 

^iz 

'.14 

136 

'36 

'36 

'34 

'35 

'35 

128 

127 

21 

134 

'34 

'33 

'34 

140 

'37 

'37 

140 

141 

'38 

'3' 

'3' 

22 

139 

'38 

'39 

'43 

141 

140 

141 

139 

'36 

134 

132 

'33 

23 

140 

'39 

m 

'38 

'39 

140 

140 

'39 

^l^ 

133 

129 

129 

24 

[n8]  [ 

'38]  [ 

'39] 

['39]  [ 

'39]  [ 

140] 

['40]  [ 

'39]  [ 

'38] 

134 

125 

'32 

25 

"37 

137 

'37 

'38 

'38 

»35 

• 

137 

135 

'38 

'3' 

116* 

ii8» 

26 

130 

127 

'37 

'3' 

^ZZ 

^n 

138 

'36 

138 

127 

119 

121 

27 

135 

'34 

'34 

135 

136 

'36 

137 

'36 

'35 

132 

128 

128 

28 

134 

'34 

'34 

135 

135 

'35 

'36 

138 

139 

'38 

134 

133 

29 

136 

'35 

136 

'36 

'36 

136 

135 

135 

135 

131 

126 

122 

30 

137 

136 

'37 

'38 

'38 

'38 

'38 

'38 

'37 

'34 

130 

128 

31 

«32 

132 

'36 

'38 

'36 

'38 

'38 

'38 

'39 

'35 

130 

126 

Monthly? 
mean  S 

i35« 

1350 

'35-8 

136-4 

1366 

'37*3 

1376 

1366 

'35*4 

'31-5 

1276 

128.4 

Nornml 

i35« 

'350 

'35-8 

'364 

1366 

'37*3 

1376 

1366 

'35-4 

'3'-5 

1280 

129*1 
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HORIZONTAL  INTENSITY -Continued. 

magnetometer  of  the  Los  Angelen  Magnetic  Observatory. 

readiugs  referred  to  atAudard  temporatare  of  luaj^net.    lucreoaing  uuinberD  iudicate  iucroasng  force.] 

JANUARY,  1883. 


,3h 

14^ 

15*1 

l6h 

17'' 

i8i» 

19I1 

20'» 

2I»i 

22»» 

23% 

Mid- 
light. 

Daily 
mean. 

Daily 
range. 

122 

127 

130 

132 

'30 

'30 

'3' 

'3' 

'32 

'32 

132 

'32 

1307 

'9^ 

127 

128 

130 

131 

^33 

134 

'34 

'35 

'34 

'34 

'34 

'35 

132-2 

12 

130 

13' 

133 

136 

'37 

^37 

'38 

'36 

'36 

'36 

'36 

'36 

'34-6 

10 

132 

134 

134 

134 

'34 

133 

'30 

'3' 

'3' 

'33 

'32 

'3' 

'34' 

II 

131 

13s 

139 

'39 

^33 

U3 

'35 

'33 

'34 

'34 

130 

132 

'35-2 

'4 

130 

13s 

137 

136 

'36 

'3^ 

136 

'35 

'32 

'3' 

126 

129 

'34-9 

18 

132 

131 

^33 

132 

130 

^33 

'3' 

'30 

127 

'32 

140 

129 

'330 

'7 

131 

132 

132 

«3i 

'3' 

'33 

133 

132 

^33 

130 

'32 

'3' 

'32-5 

'4 

129 

»34 

'34 

'36 

'36 

'37 

'37 

'37 

'36 

'35 

'36 

'35 

'337 

10 

134 

135 

139 

136 

133 

'3' 

129 

'30 

'3' 

'33 

'34 

'33 

133-^ 

II 

132 

135 

136 

'38 

'38 

'38 

'38 

'38 

'38 

'38 

'38 

'39 

'33-8 

'3 

134 

13s 

136 

135 

'36 

138 

'38 

'38 

'38 

'38 

'38 

'38 

'35-8 

12 

131 

^33 

135 

'37 

'37 

'38 

'39 

'39 

'38 

'37 

'39 

'35 

'363 

10 

130 

132 

136 

'39 

'39 

140 

140 

'39 

'39 

'38 

'38 

'39 

'35-8 

16 

136 

141 

137 

'36 

'35 

^33 

'32 

'34 

'34 

'34 

'34 

'36 

'35-2 

16 

134 

139 

141 

'43 

'37 

'37 

'38 

'38 

'36 

'34 

140 

'39 

136-2 

'7 

130 

135 

«37 

133 

'35 

'36 

136 

'34 

'32 

127 

'33 

'32 

'34*5 

'5 

131 

132 

136 

'37 

'36 

'34 

136 

'37 

'37 

'36 

'36 

'36 

'345 

21 

130 

134 

137 

'38 

'38 

'38 

'38 

'38 

'36 

'36 

'37 

'35 

'35*9 

II 

129 

130 

130 

129 

'30 

132 

'32 

^33 

'30 

'3' 

'3' 

'32 

132-0 

12 

^33 

>34 

• 

134 

'36 

'38 

138 

'38 

'39* 

'38 

'38 

'37 

'38 

'363 

12 

130 

132 

'35 

'38 

'39 

140 

'39 

'38 

139 

'38 

'39 

'38 

'37-5 

'3 

^33 

138 

«39 

139 

139 

'38 

137 

'36 

'36 

'37  [ 

'38][ 

'38] 

;i37ol 
.136-4] 

II 

137 

137 

'38 

'37 

'35 

^33 

'37 

'36 

'36 

^37 

'36 

^33 

['5] 

119* 

127 

133 

'35 

'34 

130 

'3' 

126 

122* 

122* 

^32 

128 

130-7 

28 

"3 

^33 

130 

'30 

132 

'34 

'33 

127 

129 

'3' 

^33 

'33 

130-9 

32 

130 

13' 

^33 

'3' 

128 

131 

'3' 

'3' 

128 

128 

128 

'32 

132-0 

12 

«34 

135 

134 

'32 

'34 

'36 

'33 

'3' 

'34 

'34 

'34 

'34 

'34*6 

9 

122 

134 

132 

'3' 

'35 

'36 

'37 

'35 

'34 

'35 

'34 

'36 

^33'3 

16 

128 

129 

129 

'32 

^33 

'35 

'36 

'34 

'34 

'34 

'33 

'36 

'343 

II 

127 

»33 

^3 

'35 

133 

'35 

'35 

136 

'34 

'35 

'36 

'36 

'34*4 

'5 

1300 

133-3 

1346 

'350 

'34-6 

'350 

135"' 

'34*4 

'33*8 

'33*8 

'347 

'344 

'3425 

130-4 

133-3 

1346 

'350 

134-6 

»35o 

'35' 

'344 

134-2 

'34*2 

'347 

'34*4 

122 


U"    S.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  900  diviaiona  plua  tabular  qaantity,  one  diviaion = 0*000109  in  parts  of  H.    All 

FEBRUARY,  1883. 
(For  the  explanation  of  theae  tablea  aee  pp.  53,  54.] 


Day. 

i>» 

2h 

3'* 

4»» 

S*" 

6»» 

7*^ 

8»» 

9>^   ) 

tofc 

II>»  ] 

^7oon• 

I 

136 

138 

140 

138 

140 

142 

142 

'44 

142   ] 

[28 

'34 

'34 

2 

125* 

143 

134 

130 

'32 

129 

'37 

128 

129   1 

[i6» 

124 

125 

3 

127 

126* 

128 

130 

'3' 

'30 

'35 

'34 

128   ] 

[23* 

I20* 

124 

4 

131 

131 

»32 

131 

'35 

'34 

'34 

'34 

'35   J 

I22» 

ii8« 

119 

5 

ns 

U4 

135 

133 

nz 

'34 

'34 

'34 

129   1 

133 

'32 

'32 

6 

132 

132 

133 

134 

'36 

'35 

'36 

'3' 

122*  ] 

[26 

'34 

'34 

7 

134 

134 

134 

'35 

m 

'35 

'36 

'35 

^n     ^ 

'3' 

128 

128 

8 

»34 

134 

'35 

135 

'35 

'37 

'35 

'32 

'30     1 

132 

'3' 

'32 

9 

136 

136 

136 

136 

'36 

'36 

'37 

'35 

m     1 

[29 

127 

130 

0 

«35 

135 

13s 

136 

136 

'39 

142 

141 

'38     ] 

^IZ 

'3' 

132 

139 

137 

137 

138 

'39 

141 

139 

'39 

'34   1 

[28 

126 

129 

12 

138 

138 

138 

138 

140 

140 

'36 

^U 

'3'   1 

[28 

125 

127 

13 

140 

141 

141 

141 

142 

141 

141 

140 

m     > 

^32 

'30 

'34 

14 

134 

137 

139 

140 

141 

'44 

142 

'45 

140   ] 

'35 

'35 

'34 

15 

135 

ns 

136 

137 

'37 

'39 

'39 

140 

140   1 

135 

'34 

'35 

16 

138 

138 

138 

139 

140 

140 

'38 

'43 

'47*  1 

145* 

141 

'36 

17 

135 

137 

138 

138 

140 

'39 

141 

140 

'38   1 

'38 

'37 

'33 

18 

ns 

137 

137 

135 

'39 

140 

'39 

'39 

'39   J 

[40 

'39 

'36 

19 

136 

136 

m 

138 

'37 

'37 

'38 

140 

'39   J 

[40 

'38 

'34 

20 

158* 

136 

m 

'39 

140 

'43 

141 

138 

'38   1 

'36 

'36 

'35 

21 

"39 

136 

138 

'37 

'38 

138 

'39 

140 

141    ] 

14'  ' 

140 

140 

22 

132 

138 

137 

138 

'35 

'39 

n^ 

'37 

'30   1 

'33 

129 

127 

23 

132 

124* 

130 

'33 

'32 

132 

'34 

135 

'3'   1 

'30 

128 

124 

24 

135 

135 

140 

m 

'37 

'44 

141 

'36 

146*  1 

143* 

'39 

132 

25 

III* 

1 1 2* 

123* 

124* 

129 

126* 

127* 

126* 

128   1 

'3' 

'3' 

'3' 

26 

129 

130 

130 

132 

'32 

132 

132 

'32 

'30   ] 

[27 

129 

129 

27 

139 

132 

134 

'35 

'36 

'34 

140 

'33 

'37   1 

[19* 

125 

124 

28 

134 

ns 

129 

'39 

'34 

m 

'34 

'32 

142   ] 

[40 

128 

'30 

Monthly? 
mean  < 

«34'4 

134-2 

135-0 

'35-6 

136-2 

1369 

'374 

'363 

'35-3  J 

I3''9 

131-0 

130-7 

Normal 

134-8 

135-8 

135-5 

1360 

136-2 

'37-3 

'37-8 

1367 

'34*9  J 

^ly^ 

132-0 

131*1 

REPORT   FOE   1891 — PAET  II. 


123 


HORIZONTAL  INTENSITY  -Continued. 

magnetometer  of  the  Loh  Angeles  Magnetic  Observatory. 

rtadingi  referred  to  standard  temperaturo  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1883. 


13**   u" 

i5«» 

1 6b 

l^^ 

i8»» 

I9«» 

20»> 

2lh 

22'' 

23h 

Mid- 
night. 

Daily 
mean. 

l>aily 
range. 

118*  I22» 

128 

128 

128 

128 

116* 

120* 

123* 

120* 

124* 

122* 

130-6 

36d 

119*  121* 

117* 

121* 

115* 

129 

130 

130 

129 

126 

143* 

125 

127-4 

33 

125   127 

127 

129 

132 

^Si 

128 

128 

«32 

130 

131 

144* 

129*2 

31 

I2I*  125 

128 

128 

128 

130 

126 

130 

130 

129 

134 

132 

129-0 

26 

i3»  128 

129 

134 

132 

126 

131 

128 

128 

130 

130 

131 

131-5 

12 

12$   132 

132 

131 

132 

133 

133 

132 

132 

132 

^ZZ 

134 

131-9 

14 

130   13' 

132 

132 

^si 

134 

134 

133 

134 

134 

134 

134 

132-9 

9 

135   135 

135 

135 

134 

133 

133 

"34 

135 

133 

134 

136 

133-9 

8 

134   135 

137 

137 

136 

134 

135 

^ZZ 

^ZZ 

132 

133 

135 

134-2 

10 

134   136 

13s 

138 

139 

138 

•137 

137 

136 

136 

135 

139 

136-4 

12 

134   136 

139 

139 

138 

140 

139 

138 

137 

138 

.138 

138 

136*7 

15 

132   136 

136 

138 

138 

139 

139 

139 

139 

139 

139 

140 

136*1 

16 

134   136 

137 

138 

140 

139 

139 

138 

141 

141 

140 

135 

138-2 

13 

136   137 

132 

132 

133 

135 

129 

129 

133 

133 

^ZZ 

'35 

136*0 

22 

139   141 

141 

135 

133 

'35. 

133 

132 

133 

134 

135 

136 

136-2 

10 

138   139 

138 

137 

136 

137 

138 

138 

137 

136 

135 

137 

138-7 

12 

131   129 

124 

124 

128 

>33 

135 

135 

135 

136 

135 

136 

134-8 

19 

131   134 

140 

139 

138 

137 

138 

133 

^Z2 

133 

135 

136 

136*7 

16 

132   135 

137 

m 

135 

136 

138 

138 

139 

139 

139 

136 

137-1 

10 

134   135 

134 

135 

135 

136 

137 

137 

137 

137 

135 

136 

137-7 

27 

137   130 

128 

122* 

127 

127 

130 

129 

126 

128 

131 

130 

1338 

19 

128   123* 

115* 

113* 

115* 

112* 

126 

129 

129 

127 

130 

132 

128*8 

45 

I 18*  126 

129 

127 

132 

ns 

134 

132 

132 

m 

137 

135 

130-5 

19 

119*  113* 

129 

128 

105* 

98* 

84* 

lOI* 

107* 

108* 

115* 

108* 

1242 

78 

130   132 

130 

129 

131 

129 

128 

132 

125 

126 

126 

136 

127-3 

32 

130   133 

132 

129 

131 

«3o 

131 

132 

132 

»3i 

130 

129 

130-6 

7 

119*  119* 

126 

102* 

121* 

123* 

126 

125 

125 

128 

135 

123* 

127*5 

41 

128   I20f* 

128 

128 

124 

127 

126 

121* 

123* 

131 

127 

• 

I3» 

130*2 

22 

129*4  130-2 

131-2 

130*2 

130*3 

130-9 

130-5 

1308 

131-2 

I3»'4 

1332 

132-9 

132-80 

132-2  I33I 

1324 

1328 

133-0 

133-2 

1328 

132-8 

132-8 

132-8 

«33-9 

134-3 

124 


U.   8.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES-- 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.         200  diviHionri  plus  tabular  qoantity,  one  division  =  0*000100  in  parts  of  H.    All 

MARCH,  1883. 
[For  the  explanation  of  these  tables  see  pp.  BS,  K.] 


Day. 

ih 

2h 

3^ 

4»» 

5»» 

6t» 

7»» 

8»» 

9b 

IO»» 

ii»»  Noon. 

I 

131 

129 

134 

'3' 

'36 

'36 

^ZZ 

'36 

136 

'3' 

122* 

126 

2 

135 

127* 

130 

'34 

'33 

136 

'3' 

'30 

'35 

132 

'33 

'3' 

3 

136 

izz 

133 

'33 

'34 

'34 

'33 

'35 

'34 

'36  [ 

'35]  [ 

'34] 

4 

13s 

137 

136 

136 

'36 

'36 

134 

'3' 

'33 

'32 

128 

129 

5 

133 

135 

136 

'39 

'37 

'36 

136 

'37 

'37 

iZ^ 

'38 

'37 

6 

138 

138 

138 

'38 

J  39 

'39 

'39 

141 

'43 

'44 

148* 

■'44* 

7 

132 

139 

136 

'35 

'35 

138 

>34. 

'34 

'36 

146* 

'43 

'38 

8 

130 

132 

^ZZ 

'35 

'38 

'35 

'39 

'38 

'S5 

'37 

'39 

'33 

9 

135 

134 

135 

'35 

'33 

'36 

'36 

132 

'30 

'3' 

'33 

'37 

10 

136 

136 

137 

'37 

'37 

'36 

•136 

'35 

'35 

'35 

'33 

'32 

II 

140 

140 

140 

'39 

141 

141 

'39 

'39 

140 

140 

'38 

136 

12 

142 

143 

143 

144 

144 

142 

'4' 

142 

'43 

141 

'36 

'33 

13 

128 

128* 

'37 

'36 

'39 

'34 

'3' 

'31 

^ZZ 

131 

129 

129 

14 

134 

'33 

'37 

142 

141 

'38 

'38 

'38 

'38 

'38 

140 

'37 

15 

139 

'37 

iZ^ 

^Z^ 

'38 

'39 

'41 

141 

141 

'38 

^ZZ 

132 

16 

138 

139 

'39 

141 

141 

141 

140 

'37 

'35 

136 

136 

136 

17 

140 

142 

141 

142 

142 

142 

141 

140 

140 

138 

136 

'35 

18 

141 

141 

143 

142 

'43 

142 

141 

140 

142 

'43 

141 

138 

19 

142 

142 

142 

142 

142 

'43 

'43 

'43 

'39 

142 

14U 

138 

20 

141 

145 

145 

'45 

'45 

'44 

'43 

140 

'36 

'39 

141 

141 

21 

137 

140 

'38 

140 

'43 

142 

141 

141 

'39 

'38 

'33 

128 

22 

131 

126* 

128* 

133 

'36 

'39 

132 

'33 

'3' 

127 

123* 

128 

23 

137 

i3« 

'38 

140 

140 

141 

'36 

'38 

132 

'3' 

130 

129 

24 

139 

140 

140 

140 

139 

'39 

138 

136 

132 

'3' 

130 

130 

25 

140 

141 

141 

141 

141 

140 

'38 

'39 

'38 

'38 

'35 

'32 

26 

141 

141 

143 

'36 

'39 

'37 

'39 

'38 

'35 

133 

'34 

'36 

27 

127 

136 

^ZZ 

'30 

129 

'35 

'34 

129 

iiS* 

114* 

121* 

123* 

28 

135 

^Zi 

'35 

'36 

'36 

135 

'3' 

130 

128 

121* 

'^7 

124* 

29 

134 

139* 

134 

141 

iZZ 

'34 

136 

130 

128 

'34 

^ZZ 

131 

30 

139 

140 

140 

140 

'39 

140 

139 

'36 

'36 

'37 

'35 

'36 

3» 

140 

143 

143 

142 

142 

141 

'39 

135 

'35 

132 

izz 

'35 

Monthly) 
mean  \ 

^Z(>'Z 

1370 

137  ^> 

138-2 

'38-4 

'384 

'37-2 

'363 

'35-3 

135-0 

1340 

'33-2 

Normal 

n^'3 

138-1 

'37-9 

138-2 

138-4 

'38-4 

137-2 

'363 

'35-8 

'35-8 

'34-9 

'33*5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  ma^et.    Increasing  numbers  indicate  Increasing  force.] 

MARCH,  1883. 


I3h  i4h 

iS^ 

i6h 

lyh 

iSh 

I9h 

20l»   2I»» 

22*> 

23b 

Mid- 
night. 

Daily 
mean. 

Daily 
range. 

130  132 

130 

130 

132 

126 

134 

124*  122* 

129 

131 

136 

130-7 

20<l 

123*  127 

128 

128 

127 

123* 

121* 

122*  123* 

130 

127 

126* 

129-2 

21 

['34][I35][ 

136] 

[137]  [ 

137] 

135 

135 

135  133 

136 

135 

131 

[134-5] 

["] 

128  129 

130 

132 

132 

130 

132 

128   129 

129 

135 

135 

1322 

10 

136  135 

13s 

134 

137 

138 

138 

137   137 

138 

138 

138 

1367 

m 

6 

144*  149* 

148* 

144 

131 

138 

136 

134   134 

132 

131 

140 

1 39.6 

19 

141  143 

140 

139 

137 

134 

»32 

128   126* 

124* 

127 

128* 

135-2 

26 

128  127 

135 

137 

^33 

128 

127 

125*  136 

131 

135 

135 

133-4 

20 

137  137 

136 

134 

134 

133 

^33 

134   135 

135 

136 

135 

134-4 

9 

131  130 

^3S 

138 

138 

138 

139 

138   138 

135 

138 

139 

135-9 

9 

138  139 

141 

142 

142 

140 

140 

140   142 

141 

141 

140 

140*0 

7 

135  130 

139 

138 

138 

137 

138 

138   134 

^33 

121* 

119* 

137-2 

25 

131  133 

134 

133 

»33 

»32 

^33 

132   134 

»34 

132 

»3o 

132-4 

26 

136  134 

135 

135 

136 

135 

135 

133   135 

134 

136 

140 

136-6 

10 

133  135 

137 

137 

138 

137 

138 

139   139 

138 

137 

137 

137-5 

10 

137  138 

140 

140 

140 

140 

139 

141   141 

140 

140 

142 

139-0 

7 

133  134 

137 

137 

134 

»39 

140 

140   137 

140 

140 

141 

138-8 

10 

137  139 

139 

139 

"39 

140 

142 

142   142 

141 

141 

142 

1408 

6 

140  143 

144 

144 

144 

144 

144 

143  »44 

144 

144 

145 

142*6 

8 

142  143 

146* 

147* 

147* 

148* 

149* 

150*  143 

142 

138 

135 

143-1 

17 

128  132 

124* 

128 

132 

125* 

121* 

122*  122* 

125* 

127 

140 

132:8 

26 

129  131 

136 

134 

137 

131 

131 

134   134 

142 

'43 

135 

132-7 

30 

132  133 

134 

139 

138 

"32 

^33 

133   132 

136 

142 

140 

135-6 

14 

132  134 

134 

135 

136 

135 

^33 

134   137 

140 

137 

»39 

.  135-8 

12 

136  139 

141 

142 

141 

140 

138 

136   136 

139 

136 

144 

138-8 

14 

130  136 

124* 

124* 

119* 

122* 

114* 

109*  124* 

132 

^33 

134 

i3«-4 

39 

III*  III* 

115* 

127* 

129 

128 

"32 

128   128 

129 

131 

145 

126-8 

38 

128  132 

131 

136 

136 

124* 

134 

129   138 

127* 

127 

132 

1310 

25 

130  135 

136 

137 

132 

130 

132 

138   139 

138 

139 

139 

134-7 

18 

136  139 

141 

143 

• 

142 

140 

137 

140   141 

141 

142 

142 

139-2 

9 

136  136 

137 

139 

140 

138 

139 

138   139 

140 

142 

140 

138-5 

12 

133-0  134-5 

135-4 

136-4 

135-8 

134-2 

134-5 

J33*7  134-6 

135*3 

135-5 

1369 

135-70 

133-7  134-8 

136-2 

1368 

1360 

"35-3 

135-7 

135*7  136-8 

136-4 

136-0 

138-2 

126 


U.  S.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  dlviaiona  plas  tabular  quantity,  one  diviaion = 0*000109  in  parts  of  H.    All 

APRIL,  1883. 
[For  the  explanation  of  these  tables  wv>  pp.  53,  M.] 


Day. 

ih 

2^ 

3»> 

4^ 

5*^ 

6h 

yh 

8»» 

9b 

ioi> 

II b  Noon. 

1 

I 

140 

H3 

141 

142 

141 

141 

143 

141 

140 

139 

'^l 

136 

'% 

146 

141 

142 

143 

143 

143 

142 

140 

135 

138 

138 

138 

3 

147 

146 

144 

151 

129* 

123* 

124* 

109* 

io6t 

no* 

117* 

119* 

4 

13'* 

129* 

129* 

130* 

130* 

129* 

125* 

124* 

122* 

117* 

122* 

124* 

5 

.136 

144 

137 

138 

140 

135 

136 

132 

129 

131 

127* 

125* 

6 

138 

139 

138 

138 

138 

137 

135 

131 

126* 

124* 

125* 

130 

7 

139 

140 

140 

140 

142 

142 

141 

137 

132 

128 

131 

133 

8 

138 

139 

138 

139 

139 

139 

139 

138 

139 

137 

137 

138 

9 

146 

145 

148 

147 

M5 

145 

H5 

M3 

137 

iZZ 

134 

137 

10 

144 

144 

146 

147 

148 

148 

148 

147 

142 

140 

141 

142 

II 

140 

143 

142 

142 

143 

143 

142 

139 

139 

140 

142 

140 

12 

144 

142 

142 

143 

145 

142 

140 

138 

138 

138 

140 

140 

13 

150 

146 

145 

144 

146 

146 

144 

141 

141 

138 

135 

140 

14 

142 

143 

143 

144 

145 

144 

143 

141 

142 

140 

137 

136 

15 

144 

146 

145 

145 

146 

148 

147 

146 

147* 

147* 

144 

143 

16 

149 

146 

146 

147 

147 

148 

147 

146 

142 

144 

141 

140 

17 

146 

145 

142 

145 

146 

146 

144 

138 

134 

134 

136 

139 

18 

144 

145 

140 

142 

139 

142 

140 

142 

139 

136 

134 

134 

19 

146 

138 

137 

141 

137 

138 

136 

138 

13s 

132 

131 

132 

20 

144 

137 

136 

136 

138 

^IS 

134 

128* 

129 

130 

132 

136 

21 

139 

139 

138 

140 

140 

142 

142 

140 

135 

132 

131 

133 

22 

142 

142 

142 

139 

140 

142 

141 

138 

135 

134 

133 

134 

23 

i^ 

143 

144 

145 

145 

146 

146 

144 

"43 

141 

»39 

136 

24 

ISO 

150 

152* 

152* 

155* 

156* 

i6i» 

164* 

165* 

151* 

149* 

145 

25 

131* 

132* 

132* 

129* 

130* 

130* 

135 

131 

130 

126* 

125* 

128* 

26 

142 

138 

137 

137 

138 

136 

135 

136 

128* 

134 

138 

137 

27 

140 

140 

143 

138 

136 

139 

138 

138 

136 

^Z3 

132 

135 

28 

139 

139 

139 

140 

140 

141 

141 

142 

142 

144 

146* 

145 

29 

143 

141 

142 

140 

141 

143 

144 

145 

144 

143 

142 

141 

30 

143 

143 

144 

143 

146 

147 

145 

140 

141 

143 

139 

138 

Monthly) 
mean  < 

142*2 

\   141*6 

)   141*1 

141*6 

►  141-3 

>  141*2 

1 40*  J 

\   138-6 

•  136*4 

135*2 

135-2 

135-8 

Normal 

1430  142-4  141*5 

142*1 

142*1 

142*2 

141-2 

s  139-7 

137-5 

1367 

136*7 

137*6 
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HORIZONTAL  INTENSITY— Continued. 

mttgnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

zeadinga  referred  to  standard  temperature  of  magnet.    IncreMing  numbers  indioate  inoreaaing  force.) 

APRIL,  1883. 


13** 

14*^ 

i5»» 

i6»» 

l^^ 

l8h 

19b   20*» 

2iJ» 

22h   23b 

Mid- 
night. 

Daily 
mean. 

Daily 
range. 

"34 

^31 

135 

139 

138 

141 

140 

140 

142 

143   140 

139 

139-5 

1 1'* 

136 

138 

138 

137 

136 

"37 

141 

143 

144 

141   140 

144 

140*2 

11 

115* 

97* 

99* 

112* 

117* 

119* 

122* 

128* 

122* 

124*  123* 

130* 

122*2 

73 

130 

130 

130* 

lis 

133 

U3 

135 

135 

134 

138   139 

140 

1302 

32 

128* 

128* 

131* 

»35 

13s 

137 

132 

132* 

137 

13s   145 

139 

134-3 

20 

»33 

137 

140 

141 

138 

138 

138 

139 

139 

139   138 

139 

135-8 

18 

'3§ 

138 

140 

139 

139 

139 

140 

142 

143 

139   139 

137 

138- 1 

17 

138 

140 

140 

138 

141 

140 

142 

142 

143 

144   145 

145 

139-9 

8 

139 

136 

139 

139 

140 

139 

n^ 

138 

140 

143   143 

144 

14X-0 

16 

144 

142 

143 

143 

140 

142 

141 

141 

142 

139   140 

138 

143-1 

10 

142 

143 

143 

145 

MS 

145 

142 

142 

142 

143   147 

142 

142*:^ 

8 

141 

140 

143 

145 

146 

147 

146 

147 

146 

146   147 

144 

142-9 

10 

143 

142 

141 

142 

139 

140 

142 

142 

142 

141   142 

143 

142-3 

15 

138 

139 

142 

145 

145 

144 

143 

144 

145 

144   144 

144 

142*4 

9 

142 

143 

143 

140 

140 

141 

144 

144 

143 

144   146 

146 

144-3 

9 

142 

146 

149 

149 

148 

145 

146. 

146 

145 

141   144 

144 

145-3 

9 

142 

144 

147 

147 

146 

H5 

146 

146 

145 

147   147 

147 

143-5 

14 

130  • 

135 

140 

142 

136 

135 

138 

131* 

134 

133   126* 

135 

137-2 

27 

125* 

125* 

127* 

122* 

118* 

115* 

III* 

121* 

137 

130*  135 

132 

.  '30-8 

35 

133 

137 

137 

137 

137 

134 

134 

136 

137 

138   138 

138 

135-4 

17 

«37 

139 

142 

142 

141 

142 

141 

141 

141 

142   142 

142 

139-3 

12 

137 

139 

141 

M3 

142 

140 

141 

143 

143 

143  X43 

143 

140*0 

10 

140 

143 

146 

147 

147 

146 

147 

147 

147 

148  150 

151* 

144-8 

16 

134 

113* 

124* 

109* 

109* 

107* 

115* 

118* 

123* 

127*  123* 

129* 

136-7 

60 

133 

134 

124* 

i^^ 

'36 

131 

129* 

137 

140 

14s  136 

135 

132-4 

24 

135 

*34 

134 

131* 

131 

134 

132 

139 

"35 

140  144 

138 

136*0 

17 

136 

135 

141 

141 

139 

138 

138 

141 

141 

143  142 

141 

1385 

12 

143 

H3 

144 

142 

139 

140 

140 

140 

141 

141  141 

«43 

141-5 

7 

140 

140 

139 

139 

140 

142 

143 

H3 

142 

142  143 

142 

141-8 

7 

140 

138 

139 

142 

141 

141 

142 

141 

140 

132*  139 

140 

141-1 

16 

136-2 

1357 

1374 

1382  1374 

137-2 

1376 

>390  i39'8 

139-8  140*4 

140.5 

138-75 

1377 

1388 

141*1 

141-2  139-9 

»39*9 

140-5 

141*6  141-1 

141*6  142*2 

140*9 
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DIFFERENTIAL  MEASURES- 
Honri^  readings  from  the  phutographie  traeen  oftf^bifila 

lUOiliTiiioni>]iliuMbnliUHiUBtli}'.  aiwiliTi>iaB=a'iiOI>li.«lai«iU«rH.    A 

MAY,  18S3. 
(KiiT  tW  eipliniiltnii  oflhciw  UUiv  piv  pp.  Ki.  U.) 


t'liy. 

■40 

.1- 

4" 

5" 

.^ 

S" 

^. 

i<* 

M^ 

Nm 

«.5S 

140 

I-- 

I!) 

*:-' 

'35 

136 

'37 

140 

14a 

141 

•4-' 

uo 

'42 

•39 

•J8 

I'M 

14: 

144 

'43 

1+4 

145 

145 

'43 

m 

141 

■41 

\t 

HJ 

■  41 

144 

14-' 

142 

1+4 

US 

:, 

Hi 

III 
■  11 

14.1 

111 
HI 

144 

1)4 
lis 

'44 

144 
'43 

:;■■ 

■45 
14S 
'45 

■4" 
'43 

■jy 

I3S 

■38 

'39 
■4+ 

141 

'45 

'45 

"IV 

lis 

■  ts 

■45 

14<' 

147 

'45 

139 

'39 

142 

143 

■  14 

'43 

■44 

145 

142 

144 

139 

141 

14' 

■40 

XI 

MS 

"4" 

■  41. 

14" 

145 

146 

145 

143 

1+5 

"42 

'4» 

,1 

l|i> 

"47 

140 

146 

146 

147 

144 

143 

■44 

144 

'47 

■46 

1,1. 

141. 

147 

I4fi 

'47 

147 

'45 

146 

Wt 

US 

14« 

149 

I4S 

147 

149 

147 

144 

138 

142 

147 

149 

150 

Ill 

■4.< 

143 

145 

144 

145 

142 

•42 

'43 

'43 

'43 

■  '1 

■47 

I4i> 

144 

144 

145 

147 

'45 

'4' 

'43 

'45 

'45 

'4S 

■tl 

■45 

14s 

148 

151 

.48 

'44 

'38 

'45 

'44 

ISO 

'S' 

'7 

■  |S 

151 

I4-) 

iSi 

IS' 

'53 

'5' 

140 

140 

'43 

.46 

.•s> 

■  IS 

■45 

145 

•47 

lAf' 

'45 

141 

140 

'42 

14N 

149 

•147 

i-li. 

147 

'45 

'45 

144 

,4N 

147 

146 

I4I 

■42 

139 

141 

■"' 

'15 

146 

144 

144 

145 

146 

14I 

'45 

146 

ISO 

'45 

144 

_,, 

134* 

ii6» 

'37 

13'' 

'(ft 

'35* 

'44 

'31 

'34 

■53 

I2S» 

I2S 

137 

n<' 

It" 

Hi 

'3« 

'37 

'if' 

'33 

'34 

13R 

140 

H 

UO 

'38 

".« 

*V> 

137 

14" 

141 

ijl 

135 

13s 

"36 

139 

144 

143 

142 

1411 

141 

'43 

'45 

'43 

'3') 

'37 

'36 

141 

^5 

141 

141 

141 

■  4-) 

'41 

141 

140 

'37 

■36 

'37 

"36 

'38 

j(i 

143 

141 

143 

■41 

'4! 

■  42 

141 

'35 

137 

ii'' 

137 

139 

27 

144 

144 

144 

■44 

■44 

'45 

'45 

'44 

142 

142 

139 

139 

x>i 

144 

i-IJ 

142 

MS 

■44 

'43 

■  44 

141 

142 

'43 

14" 

29 

"39 

140 

■  41 

140 

'37 

142 

140 

141 

141 

143 

30 

■45 

146 

'45 

142 

■44 

144 

'43 

141 

'42 

143 

146 

149 

3' 

^ 

'43 

'43 

'43 

'4( 

141 

'I') 

.37 

136 

139 

141 

146 

Monthly; 

'43-5 

t4.V3 

143-3 

143-2 

I43-' 

144-2 

143-2 

140S 

140-4 

I4I'fi 

1419 

143 

Normal 

•43-8 

HJ'J 

'433 

143-1 

143-^ 

1445 

1432 

■40-5 

140'4 

.4if 

142-4 

'43' 
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HORIZONTAL  INTENSITY— Continued.  * 

magnetometer  of  the  Los  Angelas  Magnetic  Observatory. 

readiogH  referred  to  Btandard  temperature  of  magnet.    lucreaAing  nambers  iudicate  increasing  fbroie.] 

MAY,  1883. 


I3»» 

14^ 

i5»> 

i6«» 

'7'* 

i8i» 

19b 

20'» 

2ib 

22h   23»»' 

Mid- 
night. 

Daily 
mean. 

Daily 
range. 

139 

'38 

139 

'35 

'35 

'30* 

129* 

130* 

'38 

'39  '40 

'49 

'37-5 

20d 

139 

140 

140 

141 

140 

142 

r42 

142 

141 

142   142 

'43 

141  0 

6 

147 

147 

146 

144 

141 

141 

142 

'43 

'39 

140   142 

141 

'43' 

9 

146 

146 

143 

142 

'39 

142 

'43 

'44 

142 

'43  '43 

142 

'42-9 

7 

144 

144 

143 

141 

141 

'38 

'38 

'4' 

141 

148  140 

143 

142*0 

II 

144 

142 

142 

143 

'43 

142 

'43 

141 

141 

144  146 

'44 

143-8 

9 

147 

145 

»45 

145 

'43 

'43 

'43 

'43 

'45 

148  147 

'47 

'44-0 

10 

141 

144 

139 

139 

142 

'43 

'44 

'42 

'43 

142  141 

148 

'43*2 

'4 

142 

143 

143 

144 

142 

'43 

'43 

'4' 

'43 

'44  '44 

'45 

142-8 

7 

145 

148 

149 

147 

146 

142 

142 

'44 

'45 

'45  '46 

146 

144.9 

8 

145 

146 

147 

147 

'44 

'44 

'45 

'45 

'44 

'44  145 

146 

'45*3 

6 

147 

146 

144 

'45 

'45 

'45 

'45 

146 

146 

146  148 

'49 

146*5 

4 

149 

147 

145 

146 

'45 

141 

141 

'43 

'38 

140  142 

141 

'44*9 

10 

143 

143 

144 

'44 

146 

146 

'45 

'45 

'44 

144  144 

'44 

1440 

5 

147 

148 

149 

150 

148 

'47 

150 

147 

150 

149  148 

144 

1464 

10 

ISO 

148 

146 

'45 

142 

'45 

146 

'45 

146 

146  148 

148 

146*1 

'5 

150 

149 

147 

141 

'35 

'37 

'43 

142 

142 

'45  '42 

'45 

'455 

20 

144 

141 

141 

140 

142 

'43 

146 

'45 

146 

'4'  '39 

146 

'43*9 

10 

143 

143 

144 

142 

142 

141 

140 

141 

141 

'42  143 

'43 

'434 

II 

145 

147 

142 

'39 

130* 

• 

'23* 

no* 

no* 

III* 

129*  134 

137 

'37-6 

46 

122* 

124* 

135 

'34 

130* 

123* 

130* 

13;* 

'35 

'36  133* 

149 

132-9 

34 

134* 

138 

132* 

132* 

129* 

133 

'36 

'43 

131* 

'37  '42 

141 

'363 

22 

143 

143 

145 

'39 

'36 

'37 

'39 

140 

141 

141  141 

'4' 

139*2 

9 

143 

147 

144 

'37 

136 

'35 

'38 

140 

140 

'39  '43 

'43 

140-7 

14 

142 

143 

141 

142 

144 

'44 

'43 

140 

140 

142  142 

148 

140*9 

'3 

142 

138 

140 

'38 

'39 

'37 

'38 

142 

'44 

140  142 

141 

140*2 

10 

137 

139 

139 

138 

'37 

'38 

140 

140 

144 

142  141 

142 

141-4 

'5 

141 

138 

137 

136 

'39 

'38 

140 

140 

142 

'39  '39 

140 

140-8 

10 

'43 

145 

142 

142 

'43 

142 

'43 

'43 

'43 

'42  '43 

'45 

141-8 

9 

147 

143 

141 

142 

'43 

142 

141 

142 

140 

138  '32* 

'37 

142-4 

'7 

148 

149 

145 

'43 

141 

140 

140 

142 

141 

'45  '44 

'43 

142-3 

'5 

1432 

143*3 

142-5 

141-4 

1403 

139-6 

140-3 

140-7  140-9 

1420  142-1 

'43*9 

142*18 

144*2 

143-9 

142-9 

1417 

141-4 

141-1 

142*1 

142*6 

>  142*2 

142*4  142-8 

'439 

1 
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U.   S.   COAST   AND    GKODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  ths  bifilar 

[Locftl  mean  time.  200  divisioiui  plus  tabular  quantity,  one  diriBion  =s 0*000109  in  parts  of  H.    All 

JUNE,  1883. 
[For  the  explanation  of  theae  tables  see  pp.  53,  64.] 


Day. 

ih 

2*>  • 

3»^ 

4»» 

S** 

6^ 

7'» 

S^ 

9h 

lofc 

ii»» 

t^oon. 

I 

145 

146 

144 

146 

144 

146 

H3 

'39 

'39 

140 

148 

'47 

2 

144 

140 

141 

141 

H3 

144 

134 

'39 

125* 

135 

'43 

141 

3 

135 

141 

i3« 

136 

138 

138 

136 

'37 

141 

'43 

'44 

146 

4 

140 

142 

«43 

143 

142 

143 

140 

140 

142 

'44 

'44 

J  46 

5 

144 

144 

144 

144 

145 

145 

143 

141 

146 

'49 

'49 

150 

6 

149 

i6i* 

148  . 

149 

141 

141 

142 

'43 

146 

'47 

'43 

141 

7 

141 

141 

141 

141 

141 

142 

141 

'39 

140 

142 

'43 

140 

8 

144 

144 

143 

144 

143 

144 

146 

142 

142 

[144] 

145 

142 

9 

142 

141 

140 

143 

142 

143 

142 

142 

146 

148 

'49 

150 

10 

145 

145 

145 

H5 

145 

143 

140 

141 

144 

148 

150 

'53* 

II 

142 

142 

H3 

143 

145 

146 

144 

'45 

151* 

'55* 

156* 

'55* 

12 

150 

149 

149 

148 

147 

149 

150 

150* 

151* 

'54* 

158* 

156* 

13 

144 

*43 

144 

144 

147 

148 

148 

'47 

151* 

150 

149 

148 

14 

146 

146 

147 

146 

147 

147 

146 

140 

'39 

141 

'43 

143 

15 

148 

148 

147 

147 

148 

149 

'45 

141 

'44 

146 

146 

148 

16 

146 

145 

144 

149 

147 

147 

144 

139 

'38 

141 

146 

150 

17 

143 

148 

144 

152 

HS 

145 

142 

'38 

'39 

140 

'49 

I54» 

18 

144 

154* 

140 

140 

140 

138 

135 

'32 

I28» 

1 28* 

'35 

'38 

19 

139 

141 

H3 

141 

141 

139 

138 

'35 

'34 

'37 

'47 

'43 

20 

142 

143 

141 

143 

143 

145 

142 

140 

'37 

'38 

'39 

'38 

21 

142 

142 

141 

142 

142  , 

144 

141 

'38 

'37 

136 

'33* 

'S 

22 

154* 

152 

151 

146 
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151 

151* 

'45 

142 

'45 
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23 

138 

144 

144 

142 

144 

138 

138 

^33 

'34 

'38 

'35 

132* 

24 

140 

141 

140 

140 

141 

139 

136 

133 

'32 

132* 

'35 

'35 

25 

142 

141 

142 

142 

H3 

142 

142 

140 

'34 

'36 

'34* 

'39 

26 

148 

141 
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141 

M3 

143 

139 

'37 

141 

'45 

142 

142 

27 

143 

151 

145 

146 

145 

'39 

138 

133 

'33 

'37 

'3^ 

I26« 

28 

136 

136 

136 

137 

135 

134* 

130* 

126* 

1 28* 

'35 

133* 

^33* 

29 

141 

139 

139 

140 

141 

140 

137 

'39 

142 

146 

'44 

'43 

30 

138 

139 

139 

138 

141 

142 

141 

140 

124* 

123* 

'34* 

140 

Monthly? 
mean  S 

143*2 

144*3 

1428 

143*3 

U3-3 

143*1 

141*1 

139*1 

139*0 

141-4 

'43-2 

'437 

Normal 

142-8 

1435 

1428 

143*3 

143*3 

'43*4 

141*2 

139*2 

139*6 

142-0 

144-2 

'43-5 
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HORIZONTAL  INTENSITY— Continned. 

moffnetameter  of  the  Los  AngeUs  Magnetic  Observatory. 

zeadinga  refacz^  to  standard  temperature  of  magnet.    Increasing  numbere  indicate  increaiing  force.] 

JUNE,  1883. 


i3«» 

H^ 

IS* 

i6i» 

I7»» 

i8h 

I9*» 

20«» 

2I*> 

22*» 

23*» 

Mid- 
night. 

Daily 
mean. 

Daily 
range. 

148 

147 

142 

139 

138 

136 

133 

137 

140 

148 

141 

142 

1424 

17* 

140 

134 

»35 

131 

130 

132 

132 

140 

140 

140 
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136 

137-5 

20 

143 

139 

146 

136 

134 
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138 

138 

140 

141 

142 

142 

»39-4 

13 

14s 

144 

140 

137 

138 

139 

141 

142 

142 

143 

144 

144 

142-0 

10 

146 

143 

143 

»43 

143 

146 

147 

146 

145 

149 

151 

148 

145-6 

10 

140 

142 

138 

'3! 

135 

134 
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143 

140 

140 

141 

H5 

142-3 

35 

141 

142 

138 

138 

140 

141 

139 

139 

140 

141 

142 

143 

140-7 

6 

138 

141 

144 

141 

139 

143 

H5 

142 

139 

141 

144 

146 

142-8 

9 

144 
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140 
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138 
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139 

142 

143 

145 

145 

145 

1430 

12 

149 

147 

139 

141 

141 

143 

H3 

142 

142 

H3 

144 

143 

144-2 

15 

151 

150 

151* 

145 

143 

142 

143 

145 

146 

146 

147 

148 

146-8 

15 

151 

>47 

145 

143 

143 

143 

144 

144 

144 

144 

139 

142 

147-5 

16 

147 

146 

146 

142 

141 

145 

144 

14.^ 

147 

147 

148 

155* 

1465 

14 

142 

144 

143 

142 

141 

142 

143 

143 

145 

146 

146 

147 

143-9 

10 
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149 

147 

146 

143 

144 

147 

149 

H7 

147 

146 

M5 

146-5 

10 

153* 

157* 

152* 

148 

144 

140 

139 

13s 

136 

138 

138 

138 

143*9 

26 

145 

146 

149 

137 

137 

139 

138 

140 

140 

148 

H7 

141 

143-6 

19 

136 

139 

139 

126* 

138 

137 

»32 

138 

136 

142 

147 

140 

137-6 

28 

142 

140 

142 

139 

135 

139 

140 

140 

142 

141 

140 

H3 

140-0 

14 

136 

142 

142 

139 

136 

137 

136 

138 

138 

145 

140 

140 

140-0 

10 

139 

142 

144 

142 

142 

141 

142 

143 

143 

145 

145 

148 

141-1 

16 

150 

150 

146 

138 

127* 

137 

129* 

136 

130* 

140 

144 

139 

144- 1 

36 

138 

139 

136 

138 

»34 

131 

134 
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143 

138 

140 

137-8 

15 

140 

137 

138 
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136 

140 

141 

141 

141 

140 

141 

138- 1 

10 

143 

140 

140 

137 

134 

138 

140 

143 

142 

142 

142 

146 

140-2 

13 

142 

142 

141 

141 

141 

140 

142 

146 

146 

137 

139 

137 

141-5 

13 

130* 

137 

138 

136 

129* 

130 

123* 

132 

138 

133* 

135 

135 

1360 

37 

133* 

135 

136 

137 

137 

136 

137 

137 

138 

137 

141 

139 

135-1 

IS 

139 

136 

136 

138 

138 

137 

138 

138 

140 

144 

138 

140 

139-7 

14 

139 

13s 

130* 

n6* 

119* 

126* 

119* 

126* 

126* 

128* 

137 

134 

132-2 

31 

142-6 

1425 

141-5 

138-2 

137-2 

138-3 

138- 1 

140-2 

140-5 

142-: 

2142-4 

142-4 

141-40 

143- 1 

142-0 

141-2 

139-4 

1385 

1387 

1397 

140-7 

141-4 

143-0  142-4 

142-0 

132 


G.  &   COAST  AND   GEODETIC   SU&VET* 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  diviaioiu  plas  tabular  quaatity,  one  division  +  0*000109  in  parte  of  H.    All 

JULY.  1883. 
[For  the  ezplMiation  of  these  tables  aee  pp.  63,  54.] 


Day. 

l«» 

2* 

3^ 

4»» 

5*^ 

6»» 

7b 

8** 

9*» 

IO*» 

ii*>  Noon. 

I 

133 

135 

135 

135 

137 

137 

132 

^33 

129 

126* 

125*  ■ 

I28» 

2 

130 

131 

130 

131 

130* 

131 

129 

126* 

125* 

1 26* 

132 

138 

3 

137 

140 

136 

136 

137 

137 

137 

135 

'35 

135 

134 

135 

4  , 

136 

137 

136 

137 

136 

135 

132 

129 

128 

^H 

135 

135 

5 

141 

136 

137 

137 

140 

138 

136 

*35 

131 

128 

138 

138 

6 

141 

144 

144 

143 

M3 

146 

145 

139 

135 

133 

137 

141 

7 

142 

HS 

147 

147 

148 

151* 

152* 

144 

139 

139 

138 

HS 

8 

151* 

138 

140 

141 

140 

142 

136 

152* 

149* 

148* 

i5o» 

141 

9 

144 

141 

142 

143 

145 

141 

140 

139 

140 

145 

147* 

143 

10 

140 

142 

135 

138 

142 

147 

141 

139 

136 

139 

142 

143 

II 

138 

139 

138 

138 

138 

139 

140 

141 

139 

141 

141 

144 

12 

136 

131 

133 

133 

^3S 

134 

132 

129 

130 

134 

134 

131 

13 

136 

136 

137 

134 

137 

140 

139 

140 

140 

137 

131 

129 

14 

H3 

141 

147 

147 

148 

140 

140 

145 

142 

142 

137 

131 

15 

137 

137 

136 

136 

141 

144 

147* 

138 

133 

140 

142 

144 

16 

139 

141 

138 

138 

136 

136 

135 

132 

134 

132 

129 

131 

17 

137 

136 

134 

135 

135 

138 

138 

134 

131 

132 

131 

130 

18 

156* 

152* 

140 

143 

143 

146 

143 

140 

140 

132 

127 

127* 

19 

138 

136 

13s 

138 

137 

137 

136 

13' 

130 

I3X 

129 

132 

20 

136 

137 

137 

136 

136 

136 

132 

132 

132 

130 

133 

140 

21 

139 

138 

139 

139 

138 

139 

13s 

130 

129 

131 

'36 

139 

22 

141 

141 

142 

141 

142 

142 

142 

139 

135 

»37 

139 

141 

23 

146 

145 

143 

141 

142 

143 

143 

144 

144 

144 

142 

>39. 

24 

140 

141 

142 

140 

142 

141 

140 

140 

139 

142 

146* 

147* 

25 

138 

140 

140 

139 

139 

138 

137 

^33 

134 

137 

138 

141 

26 

143 

142 

142 

144 

141 

142 

142 

141 

139 

139 

139 

140 

27 

134 

136 

136 

135 

136 

136 

136 

132 

137 

141 

146* 

143 

28 

"39  . 

139 

138 

140 

140 

140 

136 

136 

138 

141 

140 

137 

29 

138 

138 

139 

139 

139 

141 

139 

136 

138 

"39 

139 

139 

30 

130 

132 

135 

.138 

130* 

130* 

130 

135 

126* 

127* 

122* 

I20* 

31 

114* 

117* 

119* 

122* 

124* 

124* 

128* 

123* 

123* 

121* 

129 

129 

Monthly ) 
mean  \ 

138s 

138-2 

137-8 

1382 

138-6 

139-1 

1377 

136-2 

134-8 

1356 

I36'4 

1368 

Normal 

138-3 

138-4 

138-4 

138-7 

1397 

1395 

137-3 

136-S 

135-4 

1367 

1357 

"377 
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HORIZONTAL  INTENSITY-Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

iMidings  referred  to  staadard  temperature  of  mai^et.    Inoreasinjc  nnmbers  indicate  increasing  force.] 

JULY,  1883. 


I3h 

H** 

iS^ 

1 6b 

• 
t 

17b 

1 8b 

19b 

20b 

2lb 

22*»   23b 

Mid- 
night. 

DaUy 
mean. 

Daily 
range. 

129* 

128* 

126* 

129 

121* 

116* 

119* 

117* 

I2I* 

122*  129 

132 

1281 

23d 

»39 

143 

138 

135 

'33 

'3« 

'37 

'35 

'37 

'37  '38 

'39 

'33*4 

20 

136 

137 

137 

136 

'32 

'34 

130 

134 

137 

'38   135 

136 

'357 

II 

«3S 

^33 

129 

133 

'34 

'37 

'36 

'37 

139    . 

'36  '37 

136 

'34*7 

10 

137 

137 

139 

133 

'30 

128 

'30 

134 

135 

'35  136 

140 

'35* 

'5 

144 

142 

140 

140 

140 

140 

'38 

'43 

'45 

145  150* 

'45 

1417 

20 

143 

142 

141 

143 

'44 

'43 

'44 

146* 

'44 

'42  135 

130 

'43' 

25 

144 

144 

140 

136 

140 

146* 

140 

141 

142 

'4'  '39 

140 

1425 

H 

142 

13^ 

141 

140 

'39 

'44 

'32 

'30 

'3' 

'4'  '37 

'33 

140*1 

18 

142 

137 

138 

'34 

115* 

128 

'32 

'36 

'37  '35 

'39 

'37*2 

47 

147 

147* 

143 

136 

122* 

119* 

'3' 

124* 

121* 

131  130 

'36 

1360 

37 

132 

131 

130 

»3» 

'32 

'34 

'36 

'38 

'35 

138  '39 

'37 

'33*5 

12 

'^L 

132 

13s 

137 

'36 

'38 

'38 

'38 

'38 

'38  137 

'44 

1367 

16 

128* 

127* 

126* 

131 

'33 

'34 

'35 

'35 

«35 

'35  '37 

'39 

'37*4 

24 

140 

136 

125* 

123* 

'32 

'36 

'38 

137 

'44 

'37  '37 

'36 

'37*3 

32 

135 

133 

130 

133 

132 

'3' 

'34 

'36 

'37 

'35  13^ 

'38 

'34*7 

'3 

133 

I3« 

142 

140 

'37 

'35 

'37 

'36 

'38 

138  138 

'36 

'35-8 

12 

136 

138 

135 

'34 

135 

130 

128 

130 

'34 

138  14' 

'38 

'37-8 

4' 

131 

135 

>37 

138 

'35 

132 

'3' 

'33 

'35 

'39  '36 

'36 

'34*5 

II 

143 

143 

144 

142 

'37 

'35 

'36 

'37 

139 

'39  '39 

'39 

'37' 

'5 

141 

140 

135 

134 

'35 

'37 

'39 

140 

.'4' 

141  142 

142 

'37-5 

'4 

140 

140 

138 

136 

'36 

'43 

142 

142 

"43 

142  144 

'45 

140-5 

12 

136 

136 

'35 

'35 

'38 

'43 

'45* 

142 

141 

140  141 

140 

141*2 

12 

142 

137 

130 

128 

^33 

'33 

'36 

'32 

'34 

'37  '34 

'38 

138' 

20 

143 

142 

140 

'37 

'35 

'36 

'36 

'37 

'37 

138  141 

140 

1382 

12 

138 

13s 

127* 

128 

'3' 

'34 

'34 

'34 

132 

'33  '45 

132 

'37*4 

'9 

140 

138 

138 

'36 

'36 

'36 

'38 

'38 

'36 

'38  '39 

'38 

'37*5 

'5 

134 

132 

132 

'34 

'37 

'38 

'38 

'37 

'38 

'38  '38 

'38 

'37*4 

10 

137 

139 

137 

152* 

'43 

151* 

'38 

no* 

114* 

114*  122* 

ii8» 

1350 

43 

n6* 

119* 

ii6» 

ii6» 

109* 

115* 

108* 

118* 

115* 

III*  no* 

III* 

121*6 

36 

127* 

133 

ii8» 

115* 

"3* 

I '3* 

116* 

129 

118* 

125*  126* 

133 

I22'5 

22 

136-9 

136-6 

134-2 

'34*2 

^330 

'33*5 

'33-8 

'33*9 

'34-6 

'35*5  '363 

136*3 

136*10 

138-6 

137-6 

137-0 

'35*3 

'35-5 

'359 

'35-6 

1360 

'37*8 

1380  1377 

'37*8 
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U,   8.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES^ 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  m^  time.  200  diyisiona  plas  tabular  qtumtity,  one  division  =0*000109  In  jMurta  of  H.    All 

AUGUST,  1883. 
PTor  the  explanation  of  theae  tables  eee  pp.  53,  54.) 


Day. 

Ih 

2h 

3»» 

4»> 

s»» 

6«» 

7^ 

8»» 

9\ 

ii«»  : 

Noon. 

I 

132 

138 

132 

133 

134 

135 

131 

124* 

125* 

134 

135 

138^ 

2 

129* 

131 

131 

129* 

130* 

130* 

129 

127 

125* 

124* 

I23» 

123* 

3 

132 

132 

131 

130* 

132 

133 

131 

125 

123* 

1 22* 

123* 

124* 

4 

134 

137 

137 

13% 

137 

138 

138 

136 

133 

132 

129 

126* 

5  . 

141 

139 

140 

141 

144 

144 

142 

137 

135 

138 

136 

133 

6 

140 

140 

139 

138 

135 

137 

133 

127 

128 

132 

129 

'3? 

7 

135 

137 

138 

137 

138 

136 

134 

129 

131 

I3> 

134 

138 

8 

134 

134 

135 

136 

136 

135 

132 

132 

133 

^33 

130 

128 

9 

137 

137 

138 

137 

137 

139 

137 

135 

139 

137 

137 

134 

10 

140 

139 

• 

141 

145 

143 

147 

145 

140 

138 

136 

135 

139 

II 

137 

140 

140 

138 

138 

140 

141 

136 

136 

139 

139 

139 

12 

141 

141 

141 

141 

140 

140 

137 

131 

134 

137 

141 

140 

»3 

141 

141 

141 

141 

140 

140 

138 

134 

130 

132 

135 

136 

14 

136 

13s 

136 

138 

138 

136 

132 

128 

129 

133 

133 

133 

15 

144 

i6i» 

153* 

156* 

147 

149 

143 

139 

140 

142 

140 

142 

16 

144 

144  [ 

143 

142 

142 

141 

138 

134 

133] 

134 

135 

139 

17 

144 

144 

144 

143 

144 

X46 

140 

134 

137 

140 

148* 

152* 

18 

148 

143 

143 

145 

144 

139 

135 

134 

139 

137 

136 

134 

19 

138 

138 

138 

137 

137 

»39 

138 

136 

137 

136 

134 

135 

20 

140 

140 

139 

139 

139 

139 

136 

ns 

129 

130 

134 

140 

21 

142 

142 

142 

144 

144 

143 

140 

136 

134 

136 

140 

140 

22 

142 

141 

142 

145 

145 

145 

143 

135 

132 

135 

136 

137 

23 

144 

141 

146 

144 

144 

145 

142 

142 

139 

137 

136 

133 

24 

141 

145 

144 

142 

142 

143 

139 

135 

^33 

136 

138 

141 

25 

142 

141 

141 

142 

142 

142 

'38 

133 

132 

136 

135 

138 

26 

142 

142 

142 

142 

143 

143 

140 

135 

131 

130 

133 

136 

27 

142 

M3 

144 

143 

1 43 

143 

139 

136 

140 

149* 

145 

138 

28 

144 

145 

>45 

143 

M3 

144 

146 

150* 

157* 

154* 

153* 

154* 

29 

142 

143 

143 

142 

142 

144 

141 

136 

135 

136 

136 

134 

30 

143 

H3 

142 

144 

144 

146 

148* 

149* 

150* 

148* 

146* 

141 

31 

142 

143 

143 

143 

143 

142 

138 

136 

140 

140 

144 

147* 

Monthly) 
mean  ) 

139-8 

140-6 

140-5 

140*5 

1403 

140*7 

1382 

134-6 

134-7 

136*0 

136-4 

136-8 

Normal 

140*1 

140*0 

140*0 

140*8 

140*7 

141*1 

137-9 

1340 

134-5 

135-3 

136*0 

131*6 
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HORIZONTAL  IMTENSITV-Cohtinued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

AUGUST,  1883. 


I3«»  14b 

15b 

l6b 

17b 

l8b 

19b 

20b 

2iti 

22b 

23b 

Mid- 
night. 

Daily 
mean. 

Daily 
range. 

133  128* 

127* 

132 

122* 

130* 

117* 

124* 

124* 

124* 

• 

128* 

1297 

22** 

124*  124* 

125* 

126* 

125* 

125* 

124* 

130* 

>3i 

132 

131 

132 

127-5 

10 

126*  127* 

126* 

130 

133 

133 

"34 

135 

134 

135 

134 

137 

i30-« 

16 

129  133 

135 

138 

«37 

138 

138 

138 

138 

140 

142 

140 

135-8 

16 

132  133 

138 

'38 

139 

139 

134 

134 

134 

135 

138 

145 

137-9 

0 

14 

127*  126* 

125* 

130 

133 

131 

134 

135 

136 

138 

140 

135 

nz'Z 

16 

137  140 

130* 

135 

135 

122* 

114* 

125* 

133 

131 

131 

134 

133-0 

27 

128*  128* 

132 

133 

133 

134 

135 

136 

134 

136 

138 

1331 

12 

133  134 

135 

137 

138 

140 

141 

139 

140 

139 

140 

140 

137-5 

9 

142  143 

140 

138 

137 

134 

138 

135 

133 

131 

138 

'36 

138-9 

16 

135  135 

135 

134 

135 

138 

137 

138 

141 

140 

140 

140 

1380 

8 

138  137 

136 

137 

'3! 

138 

140 

141 

142 

141 

141 

141 

1389 

12 

133  132 

136 

138 

138 

138 

137 

138 

136 

136 

135 

135 

136-7 

II 

134  137 

131 

132 

129 

142 

143 

144 

144 

144 

143 

145 

1365 

18 

141  142 

142 

142 

142 

143 

144 

144 

144 

144 

144 

144 

144-7 

21 

143  143 

145 

143 

142 

144 

145 

145 

145 

145 

144 

145 

[141-6] 

[11] 

150*  147 

143 

141 

141 

143 

143 

H3 

145 

145 

150* 

146 

1439 

20 

133  128* 

129* 

129 

126* 

125* 

134 

134 

133 

138 

139 

138 

1360 

25 

138  149* 

151* 

153* 

143 

H3 

142 

141 

143 

141 

143 

142 

1405 

21 

144  146 

146 

143 

142 

141 

141 

141 

141 

141 

141 

141 

1394 

17 

141  141 

140 

138 

136 

138 

139 

140 

140 

142 

144 

143 

140-2 

12 

139  135 

139 

136 

134 

142 

143 

143 

143 

142 

142 

142 

139-9 

15 

142  135 

138 

139 

13s 

132 

137 

138 

142 

137 

139 

141 

139-5 

14 

141  142 

141 

141 

141 

141 

140 

141 

141 

141 

140 

142 

140-5 

12 

139  142 

142 

141 

140 

140 

* 

142 

142 

143 

142 

142 

143 

140-0 

II 

137  138 

138 

138 

138 

139 

141 

142 

142 

143 

143 

142 

139-2 

14 

141  151* 

151* 

152* 

147* 

147 

145 

145 

144 

144 

H3 

144 

144-1 

16 

149*  148* 

147 

142 

140 

141 

142 

H3 

H3 

143 

^^Z 

143 

145-9 

18 

136  139 

144 

142 

143 

144 

142 

142 

143 

142 

140 

140 

140-5 

12 

139  140 

138 

138 

140 

141 

142 

142 

142 

143 

141 

142 

1430 

14 

I47»  I4«» 

149* 

148* 

143 

141 

142 

141 

140 

m 

135 

139 

142-1 

12 

1371  137-8 

138-0 

138*2 

136-9 

137-6 

137-7 

r  1387 

139-2 

• 

1390 

139-8 

140*1 

138*30 

1375  138*8 

139*3 

137-2 

137-9 

139-4 

139-^ 

\  140-0 

139-7 

139-5 

139*5 

140*5 

lac 


U.    K.    rOAKT    ASh    GEODETIf    «TT?VET. 


DIFFERENTIAL  MEASUXBft-- 


Hourltf  readtngu  from  the phofopraphu-  tracd$  uf  the  kijilmir 


'  Uwi^aJ  UMHlJ  tint*. 


'iliU  <livMunJ^  )iliUi  iMbuuft'  quiuitiiy   nut- diruiufii       tf-UttUlW  in 


ifH.    AB 


^fcKrKMKKk.   1885 


1*0?  tii^  fXpUuiatiuii  (*1  Wfwt  \m\Avf  ••«■  }i|i  U  M.] 


I>»y 


|h 


2». 


3I1   60 


7^ 


Rt      ^      jqI,      12I1  N 


I 

2 

3 

4 

5 

6 

7 

10 
If 

12 

»3 
M 
'5 

lO 

'7 
18 

20 

21 
22 
2.  J 
24 
25 

26 
27 

28 
2*J 

Monthly^ 

mean  ^ 

Noriial  I 


140 

140 

140 

142   1 

r44*  ' 

140 

'43 

142 

141   1 

141   1 

144* 

'43 

140 

142   ] 

142*  I 

142 

140 

144 

142   1 

140   1 

'30 

'37 

'39 

138   1 

138  1 

12C 

130 

'32 

'37   1 

'33   « 

140 

J41 

142 

J42   ] 

143*  ' 

')9 

'39 

140 

140   J 

140   1 

141 

141 

(41 

14] 

142*  1 

M5* 

'37 

'41 

141   i 

144*  I 

'39 

'39 

'39 

140   1 

140   I 

M7 

138 

'39 

'39   1 

r3«  « 

'39 

138 

J40 

lifj     1 

137  ' 

'3^^ 

'37 

M^ 

'3^  1 

'37  ' 

'39 

138 

'39 

'59   1 

13«  ' 

ICK/* 

io8» 

89* 

no*  1 

lOI*  f 

IIU* 

io8* 

108* 

III*  1 

\o7*    I 

121* 

121* 

122* 

123*  1 

r22*  1 

124* 

125* 

127 

127   J 

[24   I 

132 

'3« 

129 

128   ] 

129  I 

130 

130 

'32 

130  J 

'30    I 

•3' 

MO 

'30 

130  i 

'3'   ' 

129 

MO 

129 

130  i 

13'   ' 

128 

128 

128 

127   1 

[28   I 

125 

'23* 

125* 

I20»  1 

125   I 

121* 

«2.J* 

124* 

124*  1 

124   1 

127 

I2y 

128 

128   1 

128   1 

127 

I2«y 

127 

Ml   1 

'3'   ' 

127 

128 

128 

128   i 

[29   1 

MO 

127 

'32 

'3'   1 

I3'>   ' 

'3'  S 

'31  7 

Ml  7 

I  J2-8  1 

132-2  1 

«  }  V'f 

»35i 

135-4 

1  J5-6  1 

[328  1 

42 

4j 
41 
41 

39 

3^^ 

4** 

42 

42 

44^ 

39 
39 
39 
34 
36 

03* 
14^ 

27 

25 

28 

30 
3' 
33 
29 
27 

25 
29 
3' 

31 

28 


33  I 

33« 


5* 
41* 

39 
39 
39 

36 

39 

42* 

42* 

41* 

35 
3« 
33 
27 

^o 

97* 

14* 

19* 

25 

25 

26 
28 

30 
28 

24 

22 

24 
29 
30 


30-1 
307 


31 

^o* 

35* 
35* 


30 

36* 

■*-« 
.■♦/ 

3«* 

3t*^ 

S2 
36* 

16 

26 

25 
98* 

'5* 

22 

22 
21 

21 
24 

31 
26 

23 

20 
21 
22 

27 
21 


268 
24-3 


2Q 

54 
3' 
37* 

3' 

3«* 
35* 
34 
36* 

32 

34 

27 
26 

24 

95* 
'3* 
27 
iS 

19 

'7 
20 

2S 
22 
24 

16* 

'9 
22 

28 

IS 


258 

256 


130 

ns 

136 

'44* 

'43* 

143* 

'34 

'34 

'37* 

'34 

'jy 

138* 

'45* 

«43* 

136 

^3 

'37* 

I38» 

'39*. 

'37* 

i37» 

'37* 

«37* 

»37* 

'3' 

'32 

133 

136* 

130* 

138» 

'35 

'37* 

>34 

'34 

'34 

136 

130 

'32 

'3* 

'25 

'27 

«3i 

126 

128 

'3« 

lOI* 

97* 

105* 

"3* 

II2» 

"3* 

121 

115* 

117* 

no* 

Ii6* 

"7* 

120 

121 

120 

116* 

118 

121 

"7 

116* 

121 

'25 

'25 

122 

120 

118 

119* 

122 

^2  J 

125 

Ii6* 

iiS 

ii6* 

120 

120 

120 

121 

120  . 

119* 

120 

'24 

126 

118 

116 

"7 

I  26' I 

126*2 

127-2 

126*1 

I.25-4 

127*2 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

SEPTEMBER,  1883. 


13b  i4h 

IS^ 

l6b   17^   l8h 

I9^» 

20*   2I*> 

22*»   23^ 

Mid- 
night. 

Daily 
mean. 

D^ily 
range. 

'59*  '36 

'38 

136  138  140* 

'39 

'43*  145* 

144*  145* 

139* 

'386 

lyd 

140*  144* 

140 

'37  '32  132 

135 

^zz   132 

138*  142* 

142* 

'394 

20 

138*  '34 

141* 

142*  145*  142* 

141* 

I43»  142* 

140*  138 

'37 

'39*5 

12 

'39*  '4'* 

140 

138  134  128 

126 

'32  '3' 

130   132 

'3' 

1360 

18 

136  '36 

'35 

130  125  130 

129 

126  120* 

124   123 

'23 

'33*2 

25 

138*  137 

137 

136  134  '33 

'35 

137  '37 

'37  '37 

'38 

'34-8 

'3 

135  '32 

136 

'37  138  138 

'38 

'39  '38 

'39*  '39* 

140* 

138-6 

12 

'37*  139* 

140 

141*  138  '38 

'39 

'39  '39 

140*  141* 

141* 

1390 

8 

'34  '35 

140 

138  139  140* 

'34 

I43»  144* 

140*  142* 

141* 

'387 

'5 

140*  140* 

139 

'38  '38  '38 

'39 

'39  '39 

139*  140* 

140* 

'39*4 

10 

136  140* 

142* 

143*  141*  140* 

142* 

'40  137 

'35  '47* 

'35 

138-3 

17 

138*  140* 

138 

146*  144*  142* 

143* 

'32  '34 

140*  140* 

140* 

'383 

'7 

134  '29 

130 

133  '32  '34 

'34 

'35  '34 

'34  '35 

'35 

'334 

25 

130  '30 

"36^ 

'39  '37  '37 

'38 

'39  '38 

138*  139* 

'38 

'340 

'4 

'33  '36 

141* 

'37  '37  '39  • 

'59* 

i6o*  125 

83*  .  96* 

98* 

130*7 

116 

112*  128* 

126 

121*  117*  83* 

99* 

84*  90* 

87*  92* 

105* 

102*0 

57 

112*  115* 

n6» 

116*  117*  120* 

119* 

119*  120* 

120   I20* 

121 

"47 

18 

126   127 

128 

124  117*  118* 

115* 

120*  128 

129   124 

129 

122*6 

20 

122   122 

124 

124  121*  122 

124 

127  127 

128   129 

127 

'235 

'4 

123   126 

128 

128  128  128 

127 

127  129 

130   130 

'30 

126*5 

'3 

123   128 

128 

129  128  129 

128 

130  129 

131   128 

128 

126*7 

'7 

123   125 

126 

127  128  128 

128 

121*  126 

128   129 

129 

126*1 

16 

125   '30 

'30 

130  130  130 

129 

129  124 

127   128 

129 

128*5 

'3 

122   121 

'23 

117*  114*  116* 

118* 

114*  117* 

116*  120* 

121 

121*7 

'5 

127   122 

ii8» 

120*  118*  120* 

116* 

118*  112* 

III*  115* 

115* 

121*0 

19 

123   127 

125 

124  123  124 

125 

126   125 

126  ^ 126 

128 

123*0 

12 

123   124 

127 

126  127  128 

126 

'27   132 

132   130 

'27 

125*9 

'4 

121   124 

126 

125  125  126 

127 

127   I20* 

125   126 

133 

125-6 

'5 

118*  116* 

121* 

126  123  126 

122 

127   126 

128   128 

128 

125*9 

16 

120   122 

124 

125  125  126 

128 

128   129 

127   130 

129 

125*2 

16 

128*9  1 30*2 

'3' -4 

131*1  129*8129*2 

130*1 

130*1  129*0 

128-2  129*7 

129-9 

129-70 

127-2  1287 

'3'-8 

131-2  131*4  130*7 

131-0 

132*0  131*3 

128*9  '296 

129-8 
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U.   S.   COAST  AND  GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES-- 

Sourly  readingfi  from  the  photographie  traces  of  the  bifilar 

[Local  mean  time.  200  diviaions  pins  tabular  quantity,  one  division = 0.000109  in  parts  of  H.    All 

OCTOBER,  1883. 
[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

i^ 

2b 

3»> 

4'* 

5" 

6i» 

7^ 

8h 

9b 

lOb 

lib  ^ 

lOon. 

I 

129 

129 

130 

130 

130 

128 

124 

120 

121 

123 

123 

124 

2 

130 

130 

130 

130 

130 

130 

127 

122 

119 

118 

120 

120 

3 

129 

130 

131 

130 

131 

131 

129- 

125 

124 

124 

126 

127 

4 

129 

130 

130 

131 

130 

130 

129 

128 

127 

127 

126 

126 

5 

128 

127 

131 

129 

132 

129 

128 

105* 

107* 

104* 

109* 

III* 

6 

126 

122 

122 

123 

121 

»23 

121 

116 

120 

120 

121 

124 

7 

124 

127 

1 28 

129 

126 

125 

125 

124 

123 

123 

123 

121 

8 

129 

128 

131 

131 

128 

128 

123 

122 

123 

124 

124 

126 

9 

128 

128 

130 

129 

129 

128 

125 

123 

124 

125 

123 

124 

10 

129 

130 

131 

I3» 

130 

129 

128 

128 

125 

124 

121 

121 

II 

131 

131 

132 

132 

132 

131 

129 

123 

119 

121 

119 

122 

12 

127 

128 

129 

129 

129 

128 

125 

120 

118 

117 

118 

120 

13 

127 

128 

128 

129 

127 

125 

121 

116 

114 

116 

119 

"7 

H 

124 

126 

126 

126 

127 

124 

121 

117 

114 

114 

114 

116 

15 

131 

128 

128 

129 

129 

124 

122 

III* 

1 10* 

112 

116 

117 

16 

120 

120 

125 

123 

124 

124 

123 

122 

129 

126 

119 

122 

17 

118 

119 

119* 

ii8» 

120 

120 

118 

116 

"5 

114 

"5 

114 

18 

122 

124 

126 

129 

125 

124 

120 

114 

III* 

112 

107* 

107* 

19 

127 

127 

128 

131 

130 

130 

126 

121 

116 

116 

"7 

112* 

20 

123 

124 

125 

124 

128, 

129 

128 

124 

122 

114 

112 

"5 

21 

125 

126 

126 

127 

127 

126 

121 

117 

117 

"7 

117 

118 

22 

124 

123 

125 

123 

127 

126 

126 

122 

119 

120 

119 

119 

23 

125 

127 

126 

128 

127 

126 

127 

126 

124 

124 

125 

126 

24 

126 

128 

128 

129 

128 

128 

127 

126 

127 

127 

128 

128 

25 

130 

131 

>3i 

I3> 

130 

129 

128 

128 

127 

127 

129 

129 

26 

123 

126 

129  ' 

129 

127 

129 

126 

126 

124 

123 

123 

124 

27 

126 

128 

128 

128 

128 

128 

125 

121 

119 

119 

121 

122 

28 

129 

129 

129 

131 

130 

130 

129 

126 

122 

122 

123 

124 

29 

131 

131 

131 

131 

131 

130 

128 

124 

122 

123 

126 

127 

30 

^33 

^33 

^33 

132 

133 

132 

1 28 

122 

119 

119 

120 

121 

31 

131 

131 

130 

131 

131 

I3> 

131 

124 

121 

121 

121 

122 

Monthly? 
mean  5 

126*9 

127*4 

128*3 

128-5 

128-3 

127-6 

125-4 

I2I-3 

120*1 

119-9 

1 20- 1 

120-8 

Normal 

126*9 

127*4 

128-6 

1288 

128-3 

127-6 

125-4 

122-2 

121*2 

120*4 

1210 

I22-0 
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HORIZONTAL  INTENSITY— Continued. 

in€Lgnetometer  of  the  Los  Angeles  Mdgnetw  Observatory. 

readings  referred  to  standard  temperature  of  laagnet.    Inoreaeing  nombera  Indicate  increasing  force.] 

OCTOBER,  1883. 


I3h 

14^ 

iS^ 

i6t» 

lyh 

i8»» 

19b 

20'> 

2ih 

22*» 

23'» 

Mid- 
night. 

Daily 
mean. 

Daily 
range. 

125 

127 

130 

129 

127 

127 

129 

128 

129 

130 

130 

130 

127-2 

II- 

"3 

125 

126 

125 

124 

127 

128 

129 

128 

125 

124 

126 

I2V7 

12 

127 

127 

127 

128 

127  . 

128 

129 

129 

129 

128 

129 

129 

128*1 

8 

125 

129 

129 

130 

139* 

138* 

135 

132 

134 

^3 

134 

136 

1307 

15 

no* 

103* 

103* 

III* 

112* 

118 

116* 

108* 

114* 

117* 

118* 

124 

Ii6*4 

35 

123 

120 

115* 

114* 

112* 

ii6* 

121 

124 

127 

126 

121 

123 

120-9 

16 

124 

127 

127 

124 

123 

125 

126 

127 

128 

128 

127 

127 

X25-5 

8* 

124 

119 

124 

125 

124 

126 

126 

128 

128 

128 

128 

128 

126*0 

13 

126 

125 

126 

126 

127 

129 

129 

130 

131 

130 

129 

130 

127-3 

8 

122 

124 

127 

127 

128 

129 

129 

130 

131 

131 

130 

129 

127-7 

II 

124 

127 

129 

130 

130 

130 

130 

130 

129 

129 

129 

130 

127-9 

14 

120 

121 

126 

124 

123 

116* 

123 

124 

126 

125 

125 

125 

123-6 

14 

124 

126 

125 

125 

124 

126 

125 

126 

125 

124 

121 

123 

123-4 

12 

123 

127 

128 

128 

127 

123 

127 

128 

128 

128 

1 28 

126 

123-8 

16 

114* 

III* 

109* 

no* 

112* 

108* 

no* 

113* 

120 

III* 

109* 

115* 

1 16-6 

24 

127 

132 

114* 

123 

111* 

114* 

III* 

104* 

91* 

107* 

107* 

121 

"8-3 

^48 

116 

117 

117* 

118 

1 17* 

119 

122 

124 

119 

114* 

112* 

116* 

1 17-4 

12 

114* 

119 

120 

124 

124 

125 

123 

124 

129 

129 

126 

127 

I2I-0 

22 

118 

124 

123 

120 

123 

122 

116* 

114* 

126 

124 

121 

122 

122-3 

20 

125 

125 

123 

123 

122 

124 

124 

124 

124 

124 

124 

125 

123-1 

18 

122 

125 

126 

126 

126 

126 

128 

125 

125 

123 

122 

123 

123-4 

II 

121 

122 

122 

123 

124 

126 

126 

125 

126 

126 

127 

126 

123*6 

8 

124 

124 

124 

125 

125 

127 

128 

128 

128 

128 

»33 

123 

126-2 

10 

130 

129 

129 

129 

128 

126 

128 

128 

128 

128 

130 

130 

128*0 

5 

131 

132 

130 

130 

127 

128 

128 

131 

128 

130 

129 

135 

129-5 

10 

127 

129 

129 

130 

126 

125 

128 

128 

126 

127 

127 

128 

• 
126-6 

7 

[126] 

128 

126 

127 

127 

129 

130 

130 

130 

130 

129 

128 

[126*4] 

12 

128 

130 

129 

129 

130 

131 

132 

131 

132 

130 

132 

131 

128*7 

10 

132. 

133 

132 

132 

132 

132 

133 

>34 

133 

131 

133 

133 

130-2 

12 

122 

125 

127 

128 

128 

132 

132 

>32 

132 

132 

132 

131 

128-3 

14 

125 

128 

130 

130 

130 

132 

132 

132 

132 

130 

130 

131 

128-6 

12 

123-3 

1245 

1243 

1249 

1245 

1253 

1259 

125*8 

126-3 

126*0 

1257 

126-8 

124*90 

124*5 

1257 

1267 

126*4 

126-2 

126*6 

127*8 

128*2 

128-0 

128-0 

127-8 

127*6 
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U.   S.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 


i 


^.\ 


:ll 


■■4 

1 


Si 


1 


Hourly  readingo  from  tl^e  photographic  trace*  of  the  bijilar 

[Loeal  moan  tima.  200  divisions  plan  tabnUr  qaantl^,  one  division = O'OOOIOS  In  parU  of  H.    All 

NOVEMBER,  l88j. 
[Tor  the  explanation  of  these  tables  see  pp.  63,  61.] 


Day. 

!»» 

2h 

S** 

4»» 

5'' 

6t» 

yU 

8»> 

9b 

lO^ 

ii»»  Noon. 

I 

130 

130 

131 

131 

132 

132 

130 

124 

118 

120 

126  ] 

[27 

2 

105* 

104* 

114* 

120 

119 

121 

"7 

116 

"5 

"7 

118  ] 

[21 

3 

III* 

120 

115* 

118 

"7 

114* 

116 

116 

"5 

III 

III   ] 

[12 

4 

128 

127 

124 

123 

127 

123 

121 

118 

116 

114 

"3   1 

ti5 

5 

126 

126 

125 

124 

126 

126 

125 

124 

122 

120 

115   ] 

[20 

6 

125 

126 

126 

126 

127 

126 

127 

126 

126 

126 

125   ] 

[26 

7 

127 

127 

127 

127 

129 

128 

127 

124 

122 

121 

120  ] 

[21 

8 

129 

129 

129 

130 

130 

130 

127 

124 

121 

122  • 

120  ] 

^23 

9 

129 

129 

130 

131 

130 

130 

129 

126 

124 

122 

122   1 

[24 

lO 

130 

130 

131 

131 

131 

131 

130 

128 

125 

123 

124   1 

[26 

II 

132 

130 

132 

133 

130 

130 

133 

132* 

130* 

127 

127   ] 

[28 

12 

126 

126 

129 

129 

131 

133 

m 

132* 

129* 

126 

125   ] 

[28 

13 

126 

126 

126 

127 

128 

128 

129 

128 

126 

126 

125   ] 

123 

14 

120 

121 

127 

125 

126 

126 

125 

124 

123 

120 

120  ] 

[20 

15 

125 

126 

126 

126 

127 

128 

127 

124 

120 

118 

119   ] 

[22 

i6 

126 

126 

126 

126 

127 

128 

126 

125 

122 

122 

123   J 

t25 

17 

129 

129 

127 
I2S 

125 

125 

125 

124 

124 

122 

121 

121   ] 

[20 

i8 

126 

127 

128 

127 

128 

128 

125 

122 

120 

118   ] 

[I8 

19 

127 

128 

126 

128 

127 

127 

126 

122 

119 

119 

118   ] 

t2I 

20 

116* 

125 

118 

130 

118 

122 

126 

125 

124 

III 

109*  ] 

[o8» 

21 

114* 

115* 

118 

119 

119 

119 

118 

III* 

106* 

105* 

106*  ] 

[09* 

22 

100* 

89* 

92* 

109* 

119 

102* 

94* 

92* 

lOO* 

91* 

95*  ] 

[OO* 

23 

lOI* 

io6» 

1 10* 

"7 

109* 

III* 

112* 

112* 

III 

109* 

107*  ] 

[IO* 

24 

113* 

114* 

114* 

116 

115* 

115* 

116 

114 

no* 

105* 

I02*  ] 

[04* 

25 

119 

120 

121 

121 

122 

123 

121 

118 

114 

"3 

III   1 

"3 

26 

120 

la? 

120 

121 

121 

122 

122 

119 

118 

"5 

116   ] 

[17 

27 

117 

118 

118 

120 

126 

119 

123 

122 

116 

115 

113   J 

113 

28 

115* 

118 

120 

122 

122 

121 

122 

119 

"3 

"3 

114   ] 

115 

29 

119 

119 

119 

119 

119 

120 

122 

121 

119 

114 

113   1 

[14 

30 

118 

119 

119 

119 

120 

120 

122 

119 

116 

114 

U3   1 

[14 

Monthly? 
mean  S 

i2ro 

1217 

122*3 

124*0 

124*2 

123*6 

123-3 

121*1 

1 1 8*8 

116*7 

n6*3  1 

[17*9 

Normal 

1252 

1249 

124*9 

124-6 

125*1 

125*6 

124*7 

122*2 

119*6 

1 18*8 

118*8  ] 

[20*2 
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HORIZONTAL  INTENSITY— Continued. 

vuigihetometer  of  tJie  Los  Angeles  Magnetic  Observat4>ry. 

readingii  refexred  to  stauUard  tomperaturo  of  magnet.    Increaaiiig  numbers  indicate  increasing  force.] 

NOVEMBER,  1883. 


13*^ 

M'^ 

iS^ 

i6»» 

lyh 

i8»» 

19b 

20l> 

2I»» 

22*» 

21^        Mid- 
^3   night. 

Daily 
mean. 

Daily 
range. 

122 

114 

"3 

117 

119 

112*  . 

107* 

112 

lU 

uo* 

112* 

103* 

1 202 

3od 

121 

123 

116 

112* 

no* 

97* 

84* 

100* 

90* 

92* 

109* 

109* 

110-4 

39 

114 

"7 

118 

120 

124 

124 

121 

122 

122 

123 

122 

124 

117-8 

IS 

116 

118 

121 

122 

122 

123 

124 

124 

124 

128 

126 

126 

I2I-8 

IS 

124 

126 

126 

120 

121. 

120 

123 

127 

125 

123 

125 

125 

^23S 

13 

126 

126 

129 

127 

126 

124 

124 

125 

127 

126 

126 

126 

1260 

6 

126 

126 

123 

126 

128 

129 

129 

129* 

128 

127 

130 

I3« 

126-3 

12 

125 

124 

127 

129 

130 

130 

130 

130* 

131* 

130 

130 

129 

1-27-5 

II 

126 

129 

130 

128 

128 

I3« 

>3i 

130* 

131* 

130 

130 

130 

128-3 

10 

128 

128 

131* 

128 

128 

129 

129 

131* 

131* 

132* 

130 

[28 

128-9 

10  • 

132* 

130 

131* 

130 

132* 

134*' 

13$* 

131* 

128 

131 

124 

126 

130*3 

II 

129 

125 

124 

117 

122 

123 

122 

122 

125 

123 

123 

125 

1 26- 1 

18 

'   124 

125 

124 

124 

123 

119 

120 

119 

119 

124 

123 

120 

1243 

10 

120 

I2l 

121 

120 

119 

120 

121 

121 

121 

122 

124 

126 

122-2 

9 

125 

126 

126 

128 

128 

128 

127 

126 

126 

126 

127 

127 

125-3 

12 

126 

128 

128 

129 

130 

129 

129 

129* 

129 

128 

128 

U7 

126-8 

8 

121 

122 

"3 

124 

125 

126 

126 

126 

127 

126 

127 

127 

124*7 

10 

120 

127 

129 

128 

128 

128 

129 

129* 

130 

126 

128 

128 

1260 

12 

121 

118 

120 

117 

III* 

121 

123 

119 

116 

119 

122 

129 

121-8 

20 

io6» 

108* 

112* 

116 

"5 

III* 

no* 

106* 

HO* 

114 

114 

114* 

"53 

2S 

108* 

98* 

116 

116 

120 

121 

117 

III 

119 

116 

105* 

92* 

II 3-0 

S2 

99* 

98* 

94* 

89* 

lOO* 

89* 

86* 

86* 

90* 

99* 

97* 

96-2 

43 

117 

114 

108* 

99* 

107* 

112* 

113* 

113 

112* 

113* 

114 

114* 

110-5 

24 

107* 

109* 

no* 

114 

115 

117 

117 

117 

m 

H7 

117 

118 

1 1 30 

18 

114 

U6 

"7 

118 

118 

121 

120 

120 

119 

120 

^20 

[20 

118-3 

12 

119 

122 

122 

121 

120 

123 

124 

122 

121 

119 

121 

[18 

120*1 

10 

"5 

119 

119 

120 

119 

119 

120 

116 

116 

117 

116 

115* 

1 1 8.0 

15 

-  117 

"7 

"2 

114 

118 

118 

118 

"7 

"7 

119 

116 

117 

117-5 

9 

115 

117 

118 

116 

"7 

119 

118 

118 

119 

118 

117 

"7 

1 17-8 

10 

117 

118 

116 

"7 

115 

116 

115 

112 

"3 

"7 

116 

114* 

1 16-6 

12 

119-3 

I20*I 

120*4 

1 197 

I20'2 

1 208 

1198 

119-7 

1197 

120-2  120-8 

1201 

120*49 

121*1 

121-8 

1218 

121-7 

122*3 

123*2 

123-2 

119-4 

121*8 

I22*S 

!  123*0 

124*7 

U2 


U.   8.   COAST   AND   GEODETIC   bUKVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Locid  mean  timo.  200  diviaions  pliu  Ubular  quantity,  oue  dlyittion  =:; 0*000109  in  parU»  uf  II.    All 

DECEMBER,  1883. 
[For  the  explanation  of  theio  tables  see  pp.  53,  54.] 


Day. 

I* 

2h 

3«» 

4»» 

5«» 

6*» 

7»» 

S^ 

9b 

iQh 

ii«»  Noon. 

I 

116 

118 

119 

121 

122 

122 

125 

122 

116 

no 

108 

in 

2 

no* 

"3 

114 

"5 

117 

118 

118 

118 

116 

III 

106 

107 

3 

116 

117 

118 

119 

118 

119 

119 

117 

116 

no 

107 

107 

4 

120 

121 

122 

122 

122 

123 

123 

122 

121 

118 

"5 

118 

5 

122 

123 

123 

123 

123 

124 

122 

119 

116 

112 

112 

114 

6 

"3 

123 

124 

125 

125 

125 

124 

122 

119 

"5 

"3 

"5 

7 

123 

124 

124 

124 

124 

124 

123 

122 

118 

112 

in 

114 

8 

126 

125 

126 

126 

127 

127 

127 

124 

^23 

121 

122 

118 

9 

120 

121 

121 

119 

125 

124 

"23 

120 

IlS 

112 

no 

no 

10 

118 

117 

119 

120 

120 

121 

122 

120 

116 

114 

116 

118 

II 

122 

119 

119 

118 

124 

124 

125 

126 

124 

121 

120 

118 

12 

"7 

121 

120 

118 

122 

121 

123 

122 

122 

120 

116 

114 

13 

116 

117 

118 

120 

119 

120 

119 

117 

118 

"7 

113 

112 

14 

120 

120 

125 

122 

122 

123 

122 

^23 

119 

123 

"7 

"5 

IS 

120 

119 

119 

120 

120 

121 

122 

122 

120 

116 

114 

116 

16 

121 

121 

120 

121 

121 

122 

123 

123 

123 

122 

120 

116 

17 

120 

121 

122 

122 

122 

123 

122 

120 

119 

114 

108 

103* 

18 

112 

117 

117 

"7 

119 

120 

119 

118 

117 

116 

109 

108 

19 

119 

II& 

121 

119 

120 

122 

121 

123 

121 

118 

114 

no 

20 

119 

119 

120 

120 

121 

122 

129 

130 

130* 

129* 

123* 

117 

21 

125 

125 

125 

125 

125 

127 

127 

125 

121 

118 

116 

116 

22 

122 

124 

125 

126 

128 

127 

127 

126 

120 

112 

109 

III 

23 

122 

123 

124 

124 

124 

126 

127 

125 

122 

117 

i'3 

114 

24 

125 

125 

127 

128 

130 

131 

^33* 

132* 

131* 

126* 

121 

120 

25 

123 

122 

127 

127 

126 

127 

127 

126 

120 

116 

116 

"3 

26 

122 

118 

119 

122 

121 

122 

123 

^23 

122 

"7 

114 

"5 

27 

119 

119 

121 

120 

120 

122 

122 

122 

123 

121 

116 

"5 

28 

"5 

116 

117 

119 

124 

126 

120 

"7 

"7 

112 

109 

III 

29 

116 

"7 

118 

121 

122 

122 

124 

124 

120 

114 

no 

no 

30 

119 

120 

121 

121 

122 

122 

122 

122 

120 

"3 

no 

no 

31 

121 

123 

124 

124 

124 

125 

124 

120 

121 

.  116 

116 
1137 

119 

MonthlyJ 
mean  ^ 

119-6 

I20-2 

I2I-3 

121-5 

122-5 

123-3 

123-5 

I22'3 

1 203 

ii6-5 

"3-4 

Normal 

I20-0  I20-2 

121*3 

I21'5 

122-5 

123-3 

1 23' I 

122-0 

119-6 

115-8 

"3-4 

"37 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readiiigi)  reforrod  to  staadard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

DECEMBER,  1883. 


13^ 

I4»» 

I5«» 

i6» 

i8'>' 

191* 

20h 

2ih 

22»» 

23b 

Mid- 
night 

Daily 
mean. 

DaUy 
range. 

114 

114 

no* 

106* 

no* 

109* 

103* 

98* 

101* 

100* 

104* 

105* 

111*8 

284 

no 

106* 

116 

116 

117 

"7 

n8 

n8 

117 

118 

119 

116 

114*6 

14 

107 

112 

"5 

118 

119 

"9 

120 

121 

122. 

I2f 

121 

120 

n6*6 

15 

118 

118 

121 

122 

123 

124 

124 

"3 

123 

122 

122 

122 

121*2 

10 

"7 

119 

122 

123 

124 

124 

124 

9 

123 

124 

123 

123 

122 

120*9 

13 

117 

117 

120 

124 

124 

125 

125 

125 

124 

124 

124 

124 

121*9 

12 

"5 

120 

123 

124 

125 

126 

126 

126 

126 

125 

125 

126 

122*1 

15 

117 

120 

121 

123 

117 

119 

119 

122 

122 

119 

117 

125 

122*2 

12 

"3 

114 

116 

119 

118 

120 

119 

119 

119 

118 

116 

116 

117*9 

16 

120 

121 

119 

119 

124 

123 

124 

127 

121 

122 

120 

121 

120*1 

15 

121 

122 

120 

121 

122 

116 

123 

122 

120 

120 

122 

119 

121*2 

11 

112 

"3 

109* 

ni» 

114 

113 

no* 

109* 

"3 

116 

115 

115 

116*1 

15 

114 

"5 

116 

117 

118 

118 

120 

iiS 

118 

112 

115 

118 

116*9 

10 

"5 

119 

"7 

"5 

116 

118 

117 

117 

116 

118 

118 

119 

119-0 

12 

117 

119 

119 

120 

121 

121 

121 

121 

121 

121 

120 

121 

119*6 

9 

121 

123 

125 

125 

124 

124 

122 

122 

122 

122 

122 

122 

122*0 

10 

io6» 

105* 

n6 

116 

118 

114 

"7 

"7 

114 

114 

109» 

119 

115-7 

20 

112 

114 

"7 

"5 

116 

"7 

"7 

n6 

"7 

IlS 

118 

119 

116*0 

13 

no 

109* 

115 

119 

119 

118 

119 

119 

119 

119 

119 

120 

118-0 

14 

120 

129* 

126 

128 

125 

124 

123 

121 

125 

126 

126 

125 

124*0 

14 

116 

118 

121 

123 

124 

124 

124 

124 

123 

123 

123 

123 

122*5 

II 

116 

120 

123 

124 

124 

123 

125 

124 

125 

124 

122 

122 

122*0 

20 

116 

120 

122 

123 

127 

126 

124 

123 

125 

124 

125 

125 

122*5 

14 

126* 

127 

128 

124 

126 

124 

122 

123 

118 

121 

120 

122 

125*4 

16 

"5 

116 

118 

117 

"5 

117 

117 

119 

n6 

118 

116 

114 

119*5 

15 

118 

121 

121 

120 

122 

119 

117 

"3 

114 

114 

114 

117 

11 8*7 

10 

120 

121 

121 

118 

113 

118 

"5 

112 

"5 

114 

112 

114 

1180 

12 

114 

116 

"9 

121 

121 

120 

120 

119 

118 

121 

117 

116 

117*7 

18 

112 

117 

"7 

120 

119 

n8 

118 

n8 

n8 

118 

118 

120 

118*0 

14 

114 

120 

123 

122 

121 

121 

121 

121 

122 

121 

121 

121 

119*6 

14 

120 

121 

122 

126 

125 

126 

125 

131* 

125 

127 

125 

125 

123*1 

15 

115-6 

117*6 

"9-3 

I20'0  120*4 

I20'2 

I20-0 

119-3 

f  iigS 

"9*5 

119-0 

119-8 

1 19*52 

115-6 

ii8-4 

119-9 

I20-8 

1207 

120-5 

1 20*9 

120-5 

;  i2o*i 

I20-I 

119*8 

I20*3 
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U.   S.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES^ 


[Local  mooB  time. 


3 
4 
5 

6 

7 
8 

9 
lo 

II 

12 

14 
15 

i6 

17 
i8 

19 

20 

21 
22 

23 

24 

25 

26 

27 
28 

29 

30 
31 


Hourly  readings  from  tlie  photographic  traces  of  the  bifilar 

200 divUlons plus  Ubalar qiiautity,  ono division =0000109 ii^pacU  of  ^    ^l 

JANUARY,   1884. 
[For  the  explauation  of  theoe  tables  hci'  pp.  K),  fM.] 


Monthly^ 
mean   5 
Normal 


ih        2^ 


51.        6" 


8i» 


io*»       u*>   Noon. 


126 

126 

126 

126 

126 

126 

125 

123 

117 

"5 

108 

no 

120 

121 

122 

121 

122 

122 

122 

121 

116 

"3 

no 

114 

127 

127 

127 

126 

127 

127 

126 

125 

120 

no 

109 

no 

126 

126 

126 

126 

126 

126 

126 

125 

125 

118 

"3 

"3 

119 

121 

121 

121 

«23 

124  . 

125 

124 

121 

115 

108 

108 

120 

121 

122 

123 

>23 

124 

124 

124 

121 

118 

"3 

III 

124 

124 

125 

126 

127 

>30 

129 

129 

124 

"7 

114 

"5 

I25t 

I24t 

I26t 

I22t 

I27t 

I24t 

I23t 

I2lt 

II9t 

no 

107 

III 

122 

123 

122 

122 

123 

123 

124 

123 

121 

118 

"3 

116 

123 

124 

124 

124 

125 

127 

130 

128 

120 

"7 

114 

114 

119 

>23 

123 

124 

124 

124 

124 

123 

119 

"3 

no 

112 

"5 

118 

120 

118 

127 

124 

122 

120 

110* 

105* 

103 

108 

119 

118 

121 

119 

118 

119 

119 

118 

119 

"3 

in 

III 

122 

122 

122 

123 

123 

124 

125 

123 

119 

112 

108 

no 

114 

116 

"7 

120 

'23 

122 

121 

120 

"7 

no 

109 

III 

120 

121 

119 

119 

119 

121 

122 

120 

114 

105* 

104" 

10s 

121 

120 

123 

124 

124 

126 

127 

126 

122 

"7 

"3 

III 

125 

125 

126 

126 

126 

127 

125 

123 

122 

119 

119 

118 

118 

126 

119 

119 

121 

120 

121 

120 

120 

n6 

in 

108 

123 

123 

123 

124 

124 

123 

124 

123 

121 

115 

108 

no 

120 

121 

123 

123 

125 

125 

125 

124 

121 

114 

108 

104 

122 

124 

124 

124 

124 

125 

125 

125 

122 

116 

III 

"3 

121 

125 

125 

124 

124 

123 

124 

123 

120 

"5 

no 

no 

123 

124 

123 

124 

125 

125 

125 

122 

120 

"4 

III 

114 

123 

124 

124 

126 

126 

126 

126 

126 

125 

121 

114 

114 

108* 

113* 

124 

116 

118 

"7 

118 

"7 

116 

in 

104 

no 

117 

120 

U9 

119 

119 

120 

120 

120 

120 

12! 

"5 

114 

119 

122 

120 

120 

120 

121 

122 

>23 

121 

117 

112 

114 

122 

122 

122 

122 

122 

122 

"23 

122 

120 

118 

"3 

112 

123 

123 

123 

123 

124 

125 

126 

126 

127 

124 

"5 

"3 

I26t 

I26t 

I25t 

'25t 

'25t 

I25t 

I25t 

I26t 

124 

122 

117 

115 

I210 

122-4 

122-8 

122-5 

>23-5 

123-8 

124-0 

1 23- 1 

1 20- 1 

115-1 

no-8 

in-6 

121-5 

122-7 

122-8 

122-5 

123-5 

123-8 

124-0 

1 23- 1 

1204 

II5-8 

I10-8 

111*6 

t  Corrected  by  observer  for  disturbing  effeot  of  red  luutom. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Ohservatory^ 

rsadinft  referred  to  ttondard  tempenioie  of  magnet.   IncreMing  numbers  indioAte  inoreMing  force.] 

JANUARY,  1884. 


IS** 

14^ 

IS"* 

i6i» 

17^ 

i8J> 

I9*» 

20>» 

2I«» 

22*> 

23h 

Mid- 
night. 

Daily 
mean. 

114 

118 

121 

125 

123 

122 

121 

122 

121 

121 

120 

121 

121*1* 

119 

122 

126 

131 

129 

129 

128 

128 

127 

128 

127 

127 

122*7 

"5 

121 

126 

129 

128 

128 

128 

126 

127 

127 

126 

126 

1237 

"5 

121 

128 

130 

128 

128 

127 

124 

121 

118 

118 

117 

1230 

III 

117 

119 

122 

123 

124 

125 

124 

124 

122 

121 

120 

I20-I 

"4 

117 

121 

124 

125 

125 

126 

125 

125 

124 

124 

124 

121*6 

120 

;?i 

127 

128 

127 

128 

126 

123 

124 

122 

I2lt 

I23t 

124*1 

114 

120 

121 

120 

116 

118 

121 

I2< 

121 

I20 

122 

119*6 

120 

122 

123 

123 

121 

123 

124 

125 

123 

124 

123 

«23 

121*8 

116 

118 

120 

127 

"3 

124 

"7 

119 

"7 

"4 

119 

120 

I2I*0 

"3 

114 

116 

"5 

114 

113* 

114 

"5 

114 

116 

"4 

114 

117*1 

109 

114 

118 

118 

114 

III* 

"5 

118 

118 

"7 

118 

118 

II57 
118*6 

114 

118 

121 

120 

120 

120 

120 

121 

122 

12a 

122 

122 

"5t 

I2lt 

I26t 

I24t 

ii9t 

120 

120 

118 

"7 

116 

117 

"5 

119*2 

114 

«?7 

119 

118 

118 

120 

119 

120 

120 

119 

120 

120 

II77 

109 

"5 

120 

"3 

123 

121 

121 

122 

122 

121 

122 

121 

"7-9  - 

\\i 

"7 

123 

124 

123 

122 

123 

123 

123 

125 

124 

124 

I2I6 

123 

125 

126 

123 

112* 

"5 

116 

"5 

"5 

116 

120 

121*0 

108 

III 

115 

120 

121 

122 

122 

123 

123 

124 

123 

123 

1 1 8*9 

112 

"3 

120 

124 

125 

126 

126 

121 

119  ^ 

122 

121 

120 

120*4 

107 

no 

114 

119 

122 

123 

122 

122 

122 

121 

120 

121 

119*0 

ii6t 

119 

120 

119 

120 

120 

120 

121 

122 

124 

123 

122 

120*9 

III 

116 

"5 

118 

121 

123 

123 

123 

122 

"3 

123 

123 

120*2 

118 

121 

124 

125 

124 

124 

124 

124 

124 

124 

124 

124 

122*1 

116 

121 

124 

116 

117 

123 

123 

117 

no* 

.  Ill* 

114 

124 

120*5 

114 

"5 

119 

118 

119 

119 

120 

118 

116 

116 

119 

117 

1159 

116 

117 

117 

116 

118 

119 

119 

120 

120 

118 

118 

ri9 

1 1 8*4 

ii6t 

ii7t 

ii9t 

ii9t 

120 

120 

121 

121 

122 

122 

122 

122 

1 197 

116 

ii6t 

118 

I2lf 

120 

I20t 

I20t 

120 

120 

121 

121 

"3 

119-8 

118 

118 

120 

119 

122 

125 

126 

126 

125 

125 

I26t 

I26t 

122-8 

"St 

116 

121 

124 

124 

126 

126 

127 

126 

125 

125 

128 

123-5 

1144 

1 177 

I20-8 

I22I 

1217 

I2I-8 

121*9 

121*7 

I2I*0 

I20*9 

121*0 

I2I-6 

120*31 

114-4 

1177 

1 208 

122*1 

1217 

122'9 

121*9 

1217 

121*4 

121*2 

I2I*0 

121-6 
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U.  8.  COAST  AND  QEODETIC  SUSVIST. 


[Loot]  meaa  time. 


-! 


I 


DIFFERENTIAL  MEASURES— 

Ikurljf  readings  from  the  photographic  traces  of  the  hifilar 

aoo  dlTitiont  plot  Uibiil*r  qiumtliy,  on%  dlTiaioii = 0*000100  tn  parU  of  H.    All 

FEBRUARY,  1884. 
[For  the  explMi*lion  of  these  tablee  see  pp.  63,  64.] 


Day. 

i«» 

2»» 

^^ 

4^ 

5^ 

6»» 

f' 

8>» 

9^ 

io»» 

iih 

Noon. 

I 

127 

127 

126 

125 

124 

127 

127    1 

128   ] 

131 

124  1 

120 

116 

2 

114 

H7 

ii5» 

123 

120 

122 

128    1 

[26  ] 

[24 

120  1 

'U 

io8» 

3 

121 

122 

122 

122 

123 

124 

125    1 

[25   ] 

124 

122 

116 

io6» 

4 

118 

118 

119 

121 

124 

124 

128   J 

126  1 

'34 

»3«   1 

123 

116 

5 

123 

122 

122 

123 

126 

124 

126    ] 

[30  ] 

130 

125    ] 

[21 

116 

6 

120 

121 

122 

122 

122 

122 

124    ] 

[26  ] 

[24 

122   ] 

[20 

114 

7 

"3 

122 

122 

124 

124 

124 

124    ] 

126  1 

'25 

124   1 

[20 

118 

8 

117 

"7 

119 

124 

123 

«25 

126    1 

[28   1 

'25 

.  124   ] 

[21 

no 

9 

"7 

120 

121 

126 

124 

122 

123    ] 

[24   1 

125 

124   1 

[21 

ii7 

10 

124 

124 

125 

126 

126 

128 

130   1 

^l^    1 

^S^ 

129   ] 

[26 

122 

II 

124 

124 

125 

128 

128 

126 

128    ] 

130    ] 

'30 

126   ] 

[21 

118 

12 

124 

125 

125 

126 

126 

127 

127    ] 

[28    ] 

127 

125    1 

[24 

125 

»3 

127 

128 

127 

127 

128 

128 

128    ] 

[29    ] 

[28 

124  : 

[20 

117 

14 

130 

131 

132 

132 

132 

132 

m    I 

134    1 

»33 

128   ] 

'25 

124 

15 

132* 

131 

132 

132 

m 

134 

134    J 

r36  1 

135 

>35*  1 

130* 

1 27* 

16 

128 

127 

128 

129 

128 

129 

130    1 

'31   ' 

131 

126  ] 

[25 

123 

17 

126 

125 

127 

129 

129 

129 

130    1 

[28   ] 

130 

129  ] 

'25 

121 

18 

124 

125 

132 

123 

124 

125 

127    ] 

[27   1 

[28 

125   1 

[20 

117 

19 

124 

126 

124 

126 

126 

126 

127    ] 

[28   ] 

[28 

125   1 

[20 

117 

20 

125 

126 

126 

126 

127 

128 

130    " 

[28   1 

[27 

* 

125   1 

[22 

120 

21 

128 

127 

126 

127 

127 

128  ' 

129    1 

[29   ] 

[29 

127   1 

'25 

119 

22 

126 

126 

128 

129 

«3o 

'30 

132    ) 

'33   1 

I3> 

129   ] 

126 

122 

23 

125 

128 

125 

126 

129 

130 

126    ] 

[26   ] 

^U 

127   ] 

[22 

>>3 

24 

117 

119 

119 

118 

121 

12! 

120    ] 

125   1 

ii8» 

120   1 

[I8 

114 

25 

118 

116 

126 

119 

118 

117 

120    1 

[22   ] 

(1 7* 

118   1 

114 

no 

26 

121 

121 

122 

123 

122 

124 

124    ] 

125    1 

'23 

118  1 

[|8 

"7 

27 

121 

121 

121 

122 

122 

>23 

124    1 

[25    1 

[21 

117   1 

'>5 

"5 

28 

121 

121 

122 

120 

122 

>23 

123    1 

t23   1 

[21 

120  1 

fi7 

"5 

29 

120 

120 

"3 

122 

120 

121 

122    1 

124   1 

[24 

129   ] 

113 

121 

Monthly^ 
mean  S 

122*9 

1233 

124*2 

124*8 

125*1 

125-6 

1267  1 

[27*7  1 

27*2 

124*8  1 

[207 

117-2 

Normal 

122*6 

123-3  »24*^ 

124*8 

125*1 

125-6 

126*7  1 

127*7  1 

[27*9 

124*4  1 

I20*4 

Ii7'6 

I 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory r 

rMidings  referred  to  sUndftrd  temperfttore  of  magnet.    InoroMing  nambere  indloate  inoreMing  foroe.] 

FEBRUARY,  1884. 


I3»» 

I4»» 

15^ 

i6>» 

I7»» 

iSh 

I9»» 

20*' 

2,h 

22*» 

23h 

Mid. 
night. 

DaUy 
mean. 

"St 

I2lt  1 

t23t 

I2St 

I26t 

I28t 

I28t  1 

[24t  1 

fist 

I23t 

ii6t 

"4t 

,23.3d 

i09t 

ii3t  1 

[14 

118 

119 

121 

120  1 

[21.   ] 

[21 

120 

121 

120 

1 18-6 

107* 

113  I 

[18 

118 

118 

118 

119    1 

116   ] 

[I4 

116 

116 

"5 

118*3 

112 

114  1 

[20 

122 

114 

116 

117    1 

[20   1 

[21 

120 

120 

120 

120*8 

119 

"3   1 

fi4 

117 

118 

119 

119    1 

[20  '  ] 

[20 

118 

118 

125 

1212 

"4 

114  1 

t«5 

"7 

121 

121 

124    1 

[22   1 

[21 

122 

122 

122 

I20-6 

116 

116  1 

ti8 

120 

»23 

123 

.  122   ] 

[23   1 

[21 

118 

122 

125 

121*8 

109 

"3  1 

[16 

118 

119 

120 

119   1 

[18   1 

[12* 

118 

118 

118 

1 19*0 

114 

"3  1 

[16 

118 

121 

121 

122   1 

[21    ] 

[21 

122 

122 

123 

120*8 

"5 

114  ] 

[16 

120 

123 

125 

126   1 

[25   1 

[24 

124 

123 

122 

124*2 

119 

121   ] 

123 

124 

I2S 

I2S 

125   ] 

[24   ] 

[22 

123 

123 

124 

124*4 

"3 

121   ] 

[22 

124 

126 

127 

127   ] 

[26  ] 

[27 

128 

128 

128 

125*7 

"7 

119  ] 

123 

126 

125 

126 

126   ] 

[26  ] 

[26 

126 

127 

129 

125-3 

I26» 

126  1 

[28* 

128 

129 

129 

130   ) 

130    J 

[30 

130 

131 

132* 

129*8 

127* 

128*  ] 

128 

129 

129 

128   ] 

[26  ] 

[24 

124 

124 

125 

129*6 

121 

122   1 

[22 

122 

123 

125 

124   ] 

[25   1 

[25 

126 

124 

126 

125*9 

121 

123   ] 

[2S 

"4 

116 

123 

121    ] 

[I8   1 

[22 

122 

124 

124 

124*2 

"5 

115   1 

[I4 

"7 

120 

121 

124   1 

[25   ] 

[24 

124 

123 

123 

122*6 

119 

123   J 

[21 

122 

123 

122 

122   1 

[22   ] 

[25 

126 

125 

125 

123*8 

120 

120   ] 

[21 

123 

124 

127 

126   1 

[26   ] 

127 

127 

126 

125 

125*1 

120 

121   1 

[22 

123 

125 

127 

127   1 

[26   1 

^25 

125 

125 

126 

125-5 

120 

122   1 

[24 

126 

128 

130 

129   ] 

[29   1 

[27 

125 

124 

125 

I27I 

119 

113   ^ 

[08* 

114 

96* 

116 

114   1 

[I5   1 

[12* 

112* 

106* 

119 

11 8*9 

III 

114   ] 

ti4  . 

116 

118 

120 

120   1 

[20   ] 

[I8 

113* 

118 

118 

117*9 

107* 

109   ] 

[12 

"3 

118 

117 

119   3 

[20   1 

[21 

121 

121 

122 

"73 

118 

US   : 

[I6 

116 

117 

118 

119   1 

[I9   1 

[I9 

122 

121 

121 

119-9 

114 

IIS  ] 

118 

117 

118 

120   ] 

[20   1 

[21 

121 

121 

120 

1 19*5 

116 

117  ] 

[I9 

120 

120 

119 

118   1 

[I9   1 

[I7 

119 

121 

119 

119*7 

125 

107*  ] 

[09* 

"3 

113 

lOO* 

98* 

92* 

86* 

82* 

103* 

104* 

112*1 

1 1 6-8 

ii7'i  ] 

[i8*4 

I20-0 

I20-S 

121-7 

121-8  ] 

[21-3  1 

[20-3 

120*6 

121*1 

122-0 

122*17 

1 168 

117-0  1 

[1 8-8 

120*0 

I21'4 

122*5 

122*7  1 

22*3  1 

[22*2 

122*7 

122*4 

122*3 

4  Coneoted  by  obeerrer  for  diaturbing  eflfeot  of  red  Untem* 


148 


U.   S.   COAST  AND  QEODETXC   SUBVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Looal  mean  time,         SOO  diTisioiu  plot  Ubuliur  qiumtity,  one  diTleion = 0*000100  in  parte  of  H.    All 

MARCH,  1884. 
[Vor  the  explanation  of  Uieae  tablee  see  pp.  53,  6i.] 


Day. 

lb 

2* 

3^ 

4>» 

• 

6b 

7>» 

8b 

9^ 

lOb 

lib  Noom 

I 

I04» 

109* 

1 12* 

III* 

ii6» 

ii6» 

ii5» 

114 

109* 

120 

119 

114 

2 

1 13* 

117* 

119 

122 

122 

120 

122 

125 

125 

"4 

"4 

io8» 

3 

116* 

127 

113* 

128 

117 

118 

120 

124 

124 

128* 

130* 

125 

4 

122 

123 

123 

124 

124 

"5 

126 

129 

128 

128* 

126 

124 

5 

124 

125 

124 

125 

124 

124 

124 

124 

124 

123 

123 

laa 

6 

127 

128 

128 

127 

128 

128 

128 

128 

125 

123 

126 

127 

7 

125 

126 

128 

128 

128 

130 

129 

127 

121 

122 

126 

120 

8 

128 

128 

129 

»3o 

128 

134 

129 

118 

118 

"5 

III 

no 

-  9 

125 

124 

122 

123 

"3 

124 

124 

122 

117 

"5 

III 

114 

10 

126 

125 

125 

128 

126 

125 

125 

122 

117 

"3 

III 

"3 

II 

127 

131 

128 

127 

128 

127 

126 

123 

118 

116 

117 

119 

12 

128 

127 

127 

128 

128 

128 

126 

124 

122 

127 

130* 

I35» 

13 

128 

129 

129 

129 

130 

131 

126 

121 

118 

118 

121 

126 

14 

128 

128 

129 

132 

131 

129 

130 

126 

119 

118 

"5 

122 

15 

131 

«3o 

130 

«30 

129 

129 

130 

126 

120 

•117 

114 

"5 

16 

126 

126 

128 

128 

128 

128 

127 

123 

120 

"5 

"3 

"5 

17 

130 

130 

130 

«32 

n^ 

128 

126 

120 

"5 

III 

112 

"5 

18 

128 

127 

128 

130 

129 

128 

128 

124 

120 

118 

118 

119 

«9 

131 

132 

133 

132 

131 

130 

128 

127 

123 

124 

121 

119 

20 

123 

126 

127 

126 

127 

129 

128 

126 

122 

123 

124 

116 

21 

127 

125 

126 

123 

126 

127 

128 

123 

123 

123 

122 

122 

22 

118 

122 

121 

120 

123 

123 

123 

121 

121 

124 

127 

128* 

23 

121   . 

122 

124 

122 

125 

126 

125 

122 

126 

"5 

127 

124 

24 

127 

133 

132 

133 

126 

129 

125 

123 

119 

118 

118 

::i 

25 

125 

126 

126 

128 

125 

125 

123 

"7 

"3 

"4 

"5 

26. 

128 

127 

128 

126 

127 

127* 

»23 

119 

"5 

116 

114 

"5 

27 

128 

130 

138* 

129 

126 

126 

"3 

118 

114 

118 

119 

118 

28 

124 

130 

127 

127 

127 

127 

124 

120 

116 

116 

114 

116 

29 

IIO* 

I!4* 

114* 

Ii6» 

117 

Ii6# 

119 

116 

114 

"3 

III 

io7» 

30 

123 

123 

122 

122 

121 

122 

122 

"7 

III 

no 

112 

112 

31 

126 

123 

123  . 

122 

122 

123 

124 

123 

121 

121 

120 

121 

Monthly? 
mean  \ 

124*1 

125-6 

125-6 

1 26- 1 

1256 

125*9 

125*0 

122*3 

"9*3 

1 18*9 

ii8*7 

118*6 

Normal 

126*1 

126*9 

126-6 

126-9 

125*9 

126*6 

125*4 

122*3 

119*6 

1 18-3 

118*0 

ii8*5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetio  Observatory. 

iMdinga  roferred  to  ttaodaid  tempentore  of  nuignet.    Inoroating  nomben  indicate  increaalnc  fbroa.] 

MARCH,  1884. 


13'* 

I4>» 

iS»^ 

i6i> 

i7«» 

i8h 

I9h 

20»» 

2lh 

22^ 

23b 

Mid- 
night. 

Daily 
mean. 

io6* 

104* 

105* 

99* 

109* 

105* 

103* 

114* 

118 

"7 

116 

118 

iii*4<> 

III 

io8* 

105* 

106* 

106* 

io6* 

106* 

99* 

99* 

117 

III* 

no* 

112-3 

118 

122 

121 

121 

119 

116 

116 

116 

"5 

114* 

119 

123 

120*4 

122 

120 

120 

221 

121 

122 

124 

124 

126 

124 

124 

123 

123*9 

121 

125 

127 

128 

125 

127 

131 

131 

131 

129 

126 

128 

1256 

130* 

130 

131 

131 

132 

132* 

129 

127 

"5 

121 

122 

122 

126*9 

120 

122 

125 

126 

127 

125 

126 

127 

128 

130 

127 

127 

125-8 

112 

117 

121 

121 

124 

121 

120 

118 

116 

119 

119 

118 

121*0 

116 

119 

123 

123 

124 

121 

124 

123 

124 

125 

125 

125 

121-5 

117 

123 

126 

127 

126 

125 

126 

126 

127 

127 

127 

126 

123-3 

121 

123 

124 

124 

125 

124 

125 

125 

126 

127 

127 

128 

124-4 

138* 

139* 

135* 

131 

129 

126 

127 

128 

128 

129 

129 

129 

129*1 

129* 

129 

131 

131 

128 

129 

128 

129 

129 

128 

126 

128 

127*1 

I2f 

128 

130 

130 

131 

129 

129 

130 

129 

131 

131 

«3» 

128*0 

120 

124 

125 

123 

129 

128 

125 

121 

122 

126 

126 

126 

1248 

"5 

119 

128 

127 

127 

127 

128 

128 

129 

128 

129 

130 

124-7 

118 

120 

124 

124 

124 

124 

124 

125 

125 

128 

128 

127 

123-8 

122 

126 

126 

131 

132 

i3» 

132 

132 

132 

132 

132 

132 

127-4 

121 

122 

126 

122 

124 

120 

121 

114* 

117 

116 

120 

123 

124*0 

"4 

"3 

126 

118 

112* 

109* 

"5 

113* 

121 

123 

122 

125 

121-6 

125 

123 

121 

118 

113* 

117 

117 

118 

117 

114* 

113* 

115* 

I2X*I 

128* 

128 

129 

125 

122 

121 

122 

124 

123 

121 

123 

123 

123-3 

120 

128 

128 

127 

126 

124 

121 

124 

125 

126 

126 

124 

124-5 

122 

125 

120 

123 

121 

118 

122 

124 

123 

126 

i3«> 

124 

124*2 

122 

125 

124 

125 

124 

121 

121 

121 

121 

122 

125 

126 

122*2 

118 

123 

128 

125 

121 

121 

126 

126 

126 

127 

127 

129 

123*4 

122^. 

"3 

125 

124 

122 

121 

122 

122 

120 

131 

119 

121 

123-3 

no 

io6* 

102* 

III* 

105* 

106* 

96* 

no* 

I02* 

94* 

100* 

no* 

^^3'3 

106* 

no* 

116 

118 

117 

117 

117 

120 

121 

122 

121 

121 

115-5 

112 

112* 

• 

114* 

116 

114* 

"5 

"5 

118 

120 

124 

119 

120 

"7-3 

121 

119 

116 

118 

120 

118 

119 

125 

123 

120 

121 

122 

121*3 

119-4 

121*5 

122-6 

122*4 

121*9 

120-8 

121-2 

122-0 

121*9 

123-2 

122-9 

123-7 

122*47 

II8-6 

123-4 

1247 

124*2 

124*8 

122*6 

123*3 

124-3 

123-4 

124*9 

1245 

125-0 
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U.  S.  COAST  AND   GEODETIC   8URVET. 


DIFFERENTIAL    MEASURES-^ 

Hourly  readings  from  the  photographic  trances  of  the  bifilar 

[LooaI  mmn  time.  aOO  diviiioiw  pliu  tabular  quantity,  one  divisioa = 0*000100  in  part*  of  fi .    All 

APRIL,  1884. 
[For  the  explanation  of  theee  tables  see  pp.  53,  54.] 


Day. 

Ik 

2b 

3"' 

4»> 

5^ 

6h 

7h 

8i» 

9I1 

io»» 

lib  Noon. 

I 

129 

123 

124 

124 

124 

128 

125 

128 

129 

127 

123 

117 

2 

128 

126 

128 

127 

128 

128 

128 

130 

131 

131 

129 

127 

3 

127 

128 

127 

127 

128 

128 

125 

125 

125 

123 

120 

119 

4 

129 

129 

132 

137 

»30 

129 

126 

123 

121 

122 

124 

124 

5 

128 

129 

130 

128 

131 

131 

129 

124 

121 

125 

126 

128 

6 

132 

I3i 

130 

133 

»3i 

131 

129 

125 

121 

119 

119 

121 

7 

132 

131 

133 

133 

«34 

133 

131 

129 

129 

131 

128 

128 

8 

130 

131 

131 

131 

131 

131 

130 

129 

130 

127 

'25 

123 

9 

13$ 

132  [ 

^33} 

[i33l  [ 

>33][ 
140* 

*^1 

[132]  [ 

>3o] ; 
135* . 

129' 

"3'! 

[«3o] 

128 

128 

10 

132 

140* 

137 

137 

138 

130 

129 

128 

127 

II 

119* 

123 

124 

128 

125 

128 

126 

124 

119 

117 

116 

118 

12 

125 

125 

125 

128 

128 

126 

125 

123 

123 

121 

120 

120 

13 

128 

128 

«3i 

129 

130 

130 

127 

124 

124 

124 

125 

127 

14 

131 

133 

131 

132 

132 

133 

128 

125 

128 

128 

127 

127 

15 

125 

126 

126 

127 

127 

128 

126 

125 

126 

130 

131 

128 

16 

129 

126 

129 

129 

126 

131 

129 

125 

124 

123 

123 

121 

17 

130 

129 

135 

130 

»3i 

132 

125 

123 

119 

127 

126 

126 

18 

125 

125 

'32 

128 

124 

134 

131 

125 

122 

118 

112* 

109* 

19 

125 

126 

128 

130 

127 

125 

125 

123 

121 

117 

"5 

116 

20 

• 

124 

124 

128 

127 

128 

127 

122 

125 

124 

124 

122 

121 

21 

126 

127 

126 

126 

126 

126 

123 

122 

123 

124 

122 

121 

22 

128 

128 

128 

128 

128 

127 

122 

119 

119 

[120]  [ 

"9ll 

:ii9] 

23 

[130]  [ 

130]  [ 

132] 

[i32]  [ 

132]  [ 

133] 

[131]  [ 

130]  [ 

129] 

130 

131 

130 

24 

128 

128 

130 

130 

134 

135 

132 

129 

127 

125 

115 

122 

25 

122 

120 

122 

ii8» 

Ii6* 

117* 

117* 

117 

119 

i23 

121 

122 

26 

126 

127 

128 

130 

128 

130 

129 

130 

130 

128 

120 

"7 

27 

131 

128 

129 

129 

129 

129 

126 

125 

124 

125 

125  . 

^26 

28 

128 

131 

130 

130 

130 

130 

128 

127 

126 

127 

127 

128 

29 

130 

129 

129 

129 

129 

130 

128 

126 

123 

124 

122 

124 

30 

132 

132 

133 

135 

135 

132 

128 

125 

129 

132 

128 

128 

Monthly? 
mean  > 

1 28- 1 

128-2 

129-3 

129-5 

129-2 

129-8 

127-1 

1257 

124-9 

125-0 

123-2 

1231 

Normal 

128-4 

1278 

129-3 

129-9 

129-3 

130-2 

127-4 

125*3 

124-9 

125*0 

123-6 

123*6 
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HORIZONTAL  INTENSITY— Continued. 

'magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

raadingt  referred  to  ttandard  temperature  of  magnet.    laoreaeing  numbert  Indicato  inoreaeing  force.] 

APRIL,  1884. 


I3h 

H"* 

i5«> 

i6<' 

^^^ 

l8h 

19U 

20»> 

2ih 

22»» 

23I1 

Mid- 
night. 

Daily 
mean. 

1 14* 

116* 

122 

122   1 

[24 

127 

126 

125 

127 

126 

125 

125 

124-2* 

123 

122 

124 

123   1 

127  . 

127 

124 

126 

127 

123 

128 

128 

126-8 

119 

124 

123 

125   ] 

125 

125 

126 

124 

125 

128 

126 

128 

125-0 

125 

127 

129 

131   ' 

130 

129 

129 

130 

I3« 

130 

130 

130 

128-2 

130 

129 

129 

131   ] 

130 

129 

130 

129 

131 

132 

131 

130 

1288 

127 

129 

131 

130  1 

[28 

128 

129 

132 

132 

132 

132 

131 

1285 

131 

134 

135 

134  1 

132 

'3« 

m 

iZi 

134 

133 

133 

132 

1320 

127 

130 

132 

132   1 

131 

129 

130 

130 

131 

"31 

132 

132 

129-8 

130 

130 

129 

130  « 

[30 

130 

131 

131 

132 

132 

133 

^2 

;i3i-o] 
129-8] 

130 

123 

128 

122   1 

[26 

130 

127 

129 

126 

125 

123 

122 

121 

122 

122 

124  1 

[24 

123 

125 

125 

124 

123 

126 

129 

123-1 

122 

124 

127 

128  1 

[27 

125 

126 

126 

128 

129 

129 

129 

125-4 

129 

127 

130 

130  1 

r28 

123 

128 

130 

131 

131 

131 

132 

128-2 

129 

130 

125 

121   ] 

[20 

120 

116* 

115* 

117* 

114* 

120 

130 

125-5 

no 

131 

129 

124  1 

116* 

120 

121 

124 

128 

130 

128 

130 

126-5 

124 

125 

122 

122   1 

125 

128 

126 

127 

121 

124 

129 

126 

125*6 

122 

119 

112* 

126  1 

[12* 

107* 

no* 

114* 

128 

-117* 

122 

123 

122*7 

114* 

117 

119 

123   1 

117* 

126 

122 

122 

123 

130 

127 

141* 

123-5 

116* 

118 

122 

118  1 

[22 

121 

129 

122 

123 

136 

125 

123 

1230 

124 

126 

126 

121   ] 

^23 

120 

121 

122 

122 

126 

123 

123 

123-9 

122 

128 

131 

129  ] 

[28 

130 

128 

127 

128 

128 

129 

129 

• 

126-2 

["0  [ 

122]  [ 

124]  [ 

124]  [1 

t23][ 

123] 

[124]  [ 

125]  [127] 

[127]  [127]  [ 

729] 

|l24-2l 
'  1 29-9] 

130 

127 

130 

130  1 

[30 

126 

128 

127 

130 

»30 

132 

128 

117 

ii6» 

120 

III*  1 

[02* 

io8* 

107* 

no* 

114* 

ii8* 

io6* 

io8* 

"97 

123 

124 

124 

123   1 

[21 

122 

123 

123 

124 

125 

125 

125 

121-5 

"3 

123 

127 

123   1 

[I8 

116* 

119 

122 

124 

125 

126 

130 

125*0 

127 

125 

126 

126   1 

123 

126 

127 

124 

126 

127 

128 

129 

126*  7 

126' 

133 

132 

«33   J 

[30  . 

125 

125 

127 

128 

128 

.  129 

130 

1287 

128 

132 

132 

132   1 

[30 

130 

130 

130 

"3' 

131 

132 

132 

128-9 

126 

128 

128 

130  1 

133 

129 

130 

132 

135 

123 

113* 

113* 

128-7 

124-3 

125-4 

1263 

125-9  1 

[245 

124-4 

125-0 

125-4 

126-9 

127-1 

126-7 

127-6 

126*36 

1254 

126*0 

126-8 

126-4  J 

126-5 

126*0 

126-6 

126-8 

1277 

1 28- J 

;  127-9 

128-4 
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U.  S,  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

» 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Looal  mMn  time.  200  dlTitiou  plu  tobalar  qnantity,  one  division = 0000100  in  parU  of  H.    All 

MAY,  1884. 
[IV>r  tbe  exphuiation  of  tbese  Ublet  see  pp.  &3»  54.] 


Day. 

I* 

2«» 

Z'' 

4'' 

5^ 

6«» 

7* 

8k 

9h 

io»» 

11^  Noon. 

I 

117* 

ii6» 

Ii8» 

ii6» 

125 

124* 

122* 

122 

119* 

117* 

114* 

1 19* 

2 

128 

128 

128 

128 

128 

128 

126 

124 

124 

124* 

124* 

124** 

3 

131 

133 

'3' 

'3' 

'32 

'33 

'3' 

128 

'30 

130 

129 

'30 

4 

133 

131 

133 

'33 

134 

'34 

'30 

126 

129 

'32 

'32 

130 

5 

132 

134 

'3» 

'32 

'32 

132 

['30 

129 

129] 

'30 

'32 

132 

6 

132 

130 

«33 

'33 

'35 

'36 

'35 

'36 

141* 

'38 

'37 

136 

7 

132 

135 

'33 

'32 

132 

'33 

'32 

129 

'32 

'34 

'35 

'35 

8 

132 

133 

nz 

'33 

'34 

'34 

'32 

129 

126 

124* 

126 

127 

9 

134 

'33 

'33 

'34 

'33 

'32 

'3' 

129 

129 

'3' 

130 

129 

10 

13s 

'34 

'3' 

'32 

nz 

130 

'32 

'37 

'33 

'34 

'32 

127 

II 

129 

'3« 

'32 

'3' 

'3' 

'3' 

129 

124 

121* 

127 

126 

127 

12 

130 

128 

125 

'30 

129 

'30 

128 

128 

127 

132 

'32 

129 

13 

129 

130 

'30 

'30 

'30 

'30 

130 

128 

129 

132  • 

'30 

130 

M 

^31 

'34 

^ZZ 

132 

132 

'32 

'3' 

'30 

129 

'3' 

'34 

'38 

«5 

138 

'34 

'33 

^ZZ 

'34 

'32 

'33 

'34 

'34 

'38 

'37 

'38 

16 

I3« 

'32 

'32 

'32 

'33 

132 

'32 

'3' 

^Z^ 

'34 

'35 

'38 

17 

US 

^ZZ 

'33 

'33 

'33 

'35 

'35 

'35 

'35 

'37 

'38 

'37 

18 

133 

'35 

'34 

'34 

'34 

'34 

132 

130 

132 

'34 

'37 

'39 

19 

134 

142 

'38 

'34 

132 

'34 

'33 

'33 

'36 

136 

136 

'34 

20 

^ZZ 

IZZ 

'34 

'34 

'34 

'32 

'30 

'30 

'3' 

133 

132 

'32 

21 

134 

'34 

'34 

'34 

'35 

'37 

'37 

'37 

'37 

'39 

'36 

'34 

22 

136 

'38 

'39 

'37 

'37 

'33 

132 

'3' 

142* 

141 

'34 

127 

23 

130 

129 

128 

129 

128 

130 

128 

129 

'30 

'32 

'30 

128 

24 

133 

132 

'3' 

130 

'3' 

'3' 

128 

125 

128 

132 

'32 

'32 

25 

135 

'34 

'34 

'33 

'33 

'33 

'3' 

127 

'32 

'34 

?35 

'37 

26 

137 

'36 

'37 

'38 

'38 

'38 

'34 

132 

'33 

'35 

136 

'38 

27 

136 

135 

'35 

'36 

'36 

'38 

'36 

'32 

129 

'32 

'39 

'38 

28 

139 

136 

'36 

'36 

'36 

'36 

'33 

132 

136 

'36 

'33 

'34 

29 

134 

'35 

134 

'36 

'39 

'37 

'36 

'35 

'36 

'38 

'36 

'36 

30 

'34 

'34 

'33 

'34 

'34 

'35 

'34 

'34 

136 

137 

'36 

'36 

31 

140 

140 

'41 

'39 

141 

142 

143* 

140* 

'39 

138 

140 

137 

Monthly/ 
mean  S 

133- 1 

'33*2 

132-6 

'325 

'33*2 

'33*2 

'3'-9 

130-6 

I3'*6 

'330 

132-7 

132-5 

Normal 

133*6 

'33*8 

'33' 

'33' 

'33-2 

'33*5 

i3'-8 

'30*2 

131-6 

1342 

'337 

'33*3 

B£POBT   FOB  1891 — ^PABT  IL 


153 


HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readinga  leforred  to  stAodard  tampenitare  of  magnet.    Inoreasing  nnmbera  indioate  inoreaslng  force.] 

MAY,  1884. 


u** 

14^ 

i5«» 

i6»« 

I7*» 

iS^ 

I9h 

20>» 

2il» 

22t» 

23»» 

• 

Mid- 
night. 

Daily 
mean. 

121* 

122* 

121* 

125 

ii8* 

125 

126 

126 

127 

128 

127 

128 

I2I-8<» 

129 

128 

129 

129 

129 

130 

I3« 

129 

128 

130 

130 

"30 

127-8 

132 

131 

132 

130 

129 

130 

131 

131 

131 

13" 

"32 

"32 

130-9 

134 

13s 

135 

132 

130 

«30 

132 

132 

135 

134 

"34 

"34 

"323 

131 

131 

129 

127 

130 

131 

131 

131 

132 

132 

"33 

"32 

[1310] 

133 

129 

127 

129 

132 

133 

137 

135 

138 

134 

132 

"32 

"33-9 

136 

138 

135 

J35 

132 

129 

128 

129 

132 

131 

132 

"33 

1327 

I3« 

134 

135 

134 

134 

130 

132 

134 

134 

134 

"34 

"34 

"3"-8 

129 

«32 

133 

134 

134 

135 

136 

139 

140 

139 

140 

"38 

"33-6 

113* 

121* 

ii8* 

125 

129 

129 

128 

130 

126 

126 

"32 

"34 

129-2 

134 

136 

126 

125 

116* 

121 

124 

126 

133 

124 

127 

"36 

1 28- 1 

124* 

126 

129 

128 

129 

129 

129 

130 

129 

130 

"32 

130 

128-9 

130 

132 

>3i 

132 

129 

127 

130 

131 

132 

134 

"34 

"3" 

"305 

136 

U2 

>3i 

129 

128 

"31 

132 

132 

135 

132 

"34 

"35 

"323 

135 

135 

132 

130 

130 

129 

125 

126 

131 

131 

132 

"37 

133-0 

136 

13s 

133 

130 

128 

129 

130 

132 

132 

132 

132 

132 

132*6 

137 

135 

«3o 

131 

129 

131 

132 

130 

130 

'3* 

"3" 

"32 

"33-3 

140 

139 

136 

132 

127 

126 

126 

128 

129 

128 

133 

"33 

1327 

«33 

133 

129 

126 

127 

126 

129 

131 

132 

»32 

"33 

"32 

"32*7 

131 

'33. 

133 

132 

132 

132 

»33 

133 

133 

133 

"34 

"34 

132-5 

134 

130 

129 

130 

131 

132 

131 

132 

133 

133 

"34 

"34 

"33-8 

134 

136 

128 

128 

122 

119* 

no* 

113* 

119* 

127 

"30 

"30 

130-1 

127 

"32  . 

130 

128 

128 

128 

130 

131 

132 

134 

"34 

"30 

129-8 

137 

135  . 

«32 

130 

128 

129 

131 

132 

132 

133 

"34 

"35 

"3"-4 

140 

142 

140 

137 

134 

134 

134 

134 

134 

"34 

"34 

136 

"34-6 

140 

140 

'37 

«34 

131 

131 

132 

131 

132 

134 

"33 

135 

"35" 

«39 

138 

138 

134 

131 

130 

133 

136 

135 

"34 

"35 

"35 

"350 

137 

137 

136 

134 

133 

«32 

»33 

«34 

135 

"34 

"34 

"35 

"349 

137 

136 

133 

132 

134 

»33 

134 

133 

132 

"34 

"35 

"35 

"350 

«35 

134 

135 

134 

»33 

133 

134 

134 

134 

"34 

"39 

"38 

"34-8 

138 

13s 

«3S 

130 

130 

I3« 

130 

130 

126 

129 

"25 

128 

"35-3 

133-0 

133-3 

131-5 

130-5 

1293 

1295 

130-1 

130-8 

131-7 

"3"-8 

1327 

"33-2 

"3"-98 

«34-5 

1341 

132-3 

130-5 

130-1 

1298 

130-8 

»3"-4 

132- 1 

i3"-8 

1327 

"33-2 
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U.   S.   COAST  AND   QEODETIO  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Looal  mean  tliM.  200  di viiiioiu  ploa  tolmlar  quAatity,  one  divinioii  =  0  000100  In  parU  of  H.    A II 

JUNE,  1884. 
[For  the  explanation  of  tbeee  tableii  aee  pp.  53,  M.] 


Day. 

ih 

2»» 

3»» 

4»» 

S** 

6»» 

7*» 

8«» 

9^ 

IO»i 

iih  ] 

>foon. 

I 

127 

123 

124 

124 

125 

125 

125 

127 

129 

129 

128 

128 

2 

123 

125 

127 

128 

128 

136 

137 

147* 

"44* 

"38 

"30 

"34 

3 

128 

130 

128 

129 

128 

»3i 

»3i 

130 

"32 

"3" 

"3" 

132 

4 

130 

129 

130 

131 

132 

129 

127 

126 

"3" 

"38 

140 

"43» 

5 

129 

130 

131 

132 

132 

134 

132 

128 

126 

124 

129 

130 

6 

"32 

132 

133 

132 

132 

134 

137 

140* 

140* 

"39 

"37 

"32 

7 

130 

130 

130 

132 

131 

131 

133 

"30 

128 

"3" 

"32 

132 

8 

132 

131 

132 

131 

133 

132 

134 

"34 

'32 

"3" 

"32 

132 

9 

134 

135 

135 

135 

"33 

136 

132 

"32 

"34 

"35 

"34 

"37 

10  • 

136 

134 

132 

132 

134 

133 

"34 

"33 

"32 

"34 

^33 

"34 

II 

133 

132 

133 

135 

134 

134 

"32 

"3" 

"3" 

136 

"37 

141 

12 

134 

«34 

134 

134 

^33 

133 

132 

"3" 

"33 

140 

"38 

138 

13 

»30 

"33 

132 

131 

131 

132 

132 

128 

127 

127 

130 

"32 

14 

131 

130- 

13" 

129 

130 

132 

132 

"36 

"34 

"32 

"32 

"34 

15 

"32 

«34 

134 

135 

134 

133 

"3" 

"3" 

"32 

133 

"35 

"36 

16 

134 

134 

135 

134 

135 

135 

130 

127 

128 

127 

128 

130 

17 

139 

142* 

139 

"39 

140 

145* 

138 

140* 

"34 

"34 

U3 

"32 

18 

«39 

141* 

144* 

I45» 

142* 

142* 

141* 

138 

"38 

142* 

"37 

"34 

19 

124 

127 

129 

126 

126 

125 

124 

122 

"25 

"27 

127 

129 

20 

133 

130 

130 

131 

132 

131 

128 

124 

124 

126 

126 

129 

21 

130 

130 

131 

131 

132 

»34 

"31 

128 

128 

"34 

"37 

138 

22 

138 

132 

130 

136 

138 

136 

133 

"35 

136 

"34 

133 

"36 

23 

II7* 

144* 

I20* 

127 

"30 

126 

I2I» 

122 

124 

124 

126 

125 

24 

122* 

124 

124 

130 

126 

130 

130 

128 

"27 

129 

129 

128 

25 

127 

129 

132 

128 

130 

131 

130 

129 

"30 

128 

-126 

126 

26 

131 

131 

131 

131 

132 

131 

130 

128 

127 

"30 

130 

"3" 

27 

129 

130 

132 

130 

130 

132 

132 

129 

130 

"3" 

127 

127 

28 

134 

134 

138 

138 

137 

137 

138 

132 

130 

"34 

"3" 

"34 

29 

^33 

130 

131 

132 

133 

133 

'33 

"35 

"35 

136 

"34 

"36 

30 

133 

134 

134 

136 

135 

133 

128 

127 

"30 

130 

"33 

"32 

Monthly} 
mean  ) 

130-8 

131-9 

»3i-5 

1321 

132-3 

1329 

I3"'6 

1309 

131-0 

1 32- 1 

"3"-8 

1327 

Nonnal 

131-6 

130*7 

1315 

«3'-7 

131-9 

132-1 

131-6 

1297 

1302 

"3"-8 

"3"-8 

"32-4 
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HORIZONTAL  INTENSITY— Continued. 

inagnetameter  of  the  Los  Angeles  Magnetic  Observaiarp. 

VMdingt  referrwl  to  ttaadaid  temperature  of  magnet.    Increaaing  nombera  indioate  inoreasing  force.] 

JUNE,  1884. 


I3»» 

I4»» 

i5t» 

i6»» 

I7»» 

i8b 

19b 

20^ 

2ih 

22'* 

23»» 

Mid- 
night. 

Daily 
mean. 

I24'2<1 

127 

126 

125 

122 

119 

122 

119* 

I20* 

121 

121* 

123 

124 

130 

127 

120* 

117* 

120 

124 

125 

126 

121 

120* 

124 

126 

128*3 

129 

129 

125 

124 

125 

ia6 

126 

126 

0 

127 

128 

129 

130 

128-5 

136 

132 

129 

127 

127 

130 

131 

131 

132 

133 

"3" 

"30 

13^ 

132 

133 

130 

129 

126 

129 

130 

I3« 

130 

132 

129 

"33 

1300 

137 

136 

136 

124 

124 

127 

130 

130 

131 

"32 

"32 

"30 

132-9 

133 

133 

\3Q 

128 

128 

129 

130 

130 

I3« 

132 

"32 

"3" 

130-7 

132 

132 

131 

«32 

132 

"32 

132 

133 

^33 

"34 

"34 

"34 

"32-4 

I3« 

137 

133 

132 

126 

130 

13" 

132 

134 

"35 

"36 

"37 

"340 

13s 

132 

131 

132 

13' 

128 

129 

131 

13' 

132 

"3" 

"32 

"323 

139 

135 

132 

132 

132 

131 

131 

"32 

132 

"32 

"33 

"34 

"33*5 

^33 

»34 

132 

129 

128 

127 

I2» 

130 

129 

126 

128 

129 

1320 

134 

"35 

130 

123 

116* 

117* 

126 

128 

128 

130 

128 

"30 

128-8 

«34 

132 

127 

125 

125 

126 

128 

129 

131 

132 

"3" 

"32 

1306 

135 

»34 

133 

132 

130 

131 

132 

133 

132 

132 

^33 

"33 

132-9 

130 

131 

132 

132 

132 

133 

133 

134 

133 

"37 

"38 

"39 

1325 

135 

136 

134 

134 

134 

136 

138 

139* 

138 

"34 

"38 

"39 

"37" 

138 

133 

135 

134 

13' 

117* 

124 

121 

127 

"30 

127 

120* 

"34*2 

129 

r28 

128 

127  • 

126 

128 

130 

130 

"32 

129 

128 

126 

127-2 

«32 

134 

135 

134 

132 

131 

130 

«3o 

"3" 

"31 

"3" 

"32 

"3o*3 

139 

140 

139 

136 

134 

132 

132 

134 

"34 

'3§ 

"36 

138 

^33'9 

138 

136 

»33 

137 

139* 

"34 

132 

122 

"3" 

"36 

"38 

"33 

"34*4 

122* 

1 22* 

131 

126 

121 

Ii8* 

120* 

120* 

122 

117* 

I2I* 

126 

123-8 

126 

I23» 

I22» 

122 

123 

124 

125 

125 

126 

"3" 

129 

128 

126-3 

126 

128 

128 

128 

127 

127 

127 

128 

129 

130 

"30 

129 

128-5 

«3i 

132 

131 

128 

126 

127 

128 

129 

129 

127 

128 

129 

129-5 

«33 

136 

136 

"34 

130 

129 

129 

130 

130 

"3" 

"32 

"34 

i3"*o 

132 

135 

134 

"3" 

133 

'33 

"32 

132 

"3" 

"3" 

129 

"3" 

"334 

139 

134 

133 

132 

130 

130 

134 

132 

130 

"3" 

129 

\^ 

132-8 

131 

134 

129 

130 

131 

128 

127 

127 

128 

127 

"30 

128 

1 306 

132*8 

I3a'3 

130*8 

129*1 

127-9 

127-9 

129*0 

129-2 

129*8 

130*3 

130-6 

i3"*o 

"30-93 

133-2 

1330 

131-5 

1 29s 

1280 

129-0 

129*6 

129-5 

129*8 

"3"'5 

130-9 

"3"-4 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


[Local  mean  time. 


DIFFERENTIAL  MEASURES- 

Hourly  readings  from  the  photographic  traces  of  the  Mfilar 

900  di viiiioiu  pliM  UbuUr  qaantity,  oua  <U vMiun = 0*000109  in  parte  of  H.    All 

JULY,  1884. 
[For  the  ezpUnatlon  of  tbeae  tablea  aee  pp.  53,  M.] 


I 

2 

3 
4 
5 

6 

7 

8 

9 
10 

II 
12 

«3 
14 
15 

16 

17 
18 

19 
20 

21 
22 
23 
24 
25 

26 

27 

28 

29 
30 

31 

Monthly^ 
mean 
Nurinul 


lb        2^ 


6»» 


8»» 


10^      11^  Noon. 


UI 

128 

129 

"30 

130 

"3" 

"32 

130 

"3" 

"27 

126 

129 

129 

«3i 

"33 

"34 

'35 

"35 

"3" 

129 

"30 

["3"][ 

"32]  [ 

1331 

[12*2]  [ 

'123]  [ 

•   • 

"23] 

[12^]  [ 

«24][ 

•   • 

124] 

['"2*2]  [ 

'4h 

•    ■ 

120] 

["2*2] 

•   • 

128 

•   • 

126 

122 

122 

122 

124 

"25 

124 

122 

118 

121 

124 

"24 

■23 

124 

122 

122 

"23 

"23 

125 

"25 

124 

119 

121 

122 

126 

127 

126 

126 

125 

125 

"23 

122 

120 

126 

129 

132 

133 

121 

119 

124 

127 

129 

124 

126 

121 

120 

120 

124 

126 

128 

128 

128 

129 

129 

"30 

126 

120 

""7 

119 

124 

129 

128 

130 

"27 

129 

129 

128 

126 

124 

122 

"23 

126 

130 

127 

131 

132 

"33 

'^i  . 

"3" 

"33 

129 

"30 

"33 

132 

"34 

127 

128 

128 

129 

128 

I2Q 

127 

121 

120 

122 

130 

»32 

129 

"31 

"32 

"35 

"38* 

"38* 

"32 

128 

124 

125 

"33 

137 

121 

127 

121 

124 

121 

"23 

122 

122 

"24 

124 

123 
1 28 

lU 

.125 

124 

"25 

125 

125 

127 

128 

126 

128 

129 

129 

126 

132 

128 

126 

126 

"25 

124 

119 

119 

122 

126 

126 

127 

128 

127 

127 

"27 

129 

129 

128 

128 

128 

127 

129 

128 

126 

126 

128 

128 

128 

"25 

"25. 

125 

"30 

127 

124 

"34 

133 

"33 

"34 

"34 

"34 

"32 

"3" 

"30 

"32 

132 

«34 

123 

123 

125 

"23 

124 

"23 

120 

""4* 

Ii4« 

120 

125 

128 

126 

127 

126 

125 

126 

126 

124 

122 

125 

125 

>23 

127 

126 

126 

126 

127 

"^7 

128 

125 

119 

122 

"24 

126 

127 

129 

128 

128 

127 

129 

128 

126 

127 

"32 

I36« 

"32 

128 

I2q 

130 

"30 

"3" 

"32 

"3" 

128 

"27 

130 

"32 

132 

133 

118 

130 

"24 

"25 

129 

127 

127 

126 

128 

128 

126 

126 

124 

123 

"25 

122 

126 

127 

126 

"23 

121 

118 

119 

ISO 

"3« 

130 

130 

129 

"3" 

130 

128 

125 

126 

129 

130 

128 

127 

126 

128 

127 

128 

130 

"30 

128 

125 

"25 

128 

127 

129 

«32 

i3.\ 

IS} 

"34 

I}} 

"32 

"30 

"30 

"30 

"3« 

132 

127 

127 

126 

127 

126 

127 

126 

124 

124 

"25 

126 

125 

127 

127 

128 

127 
127-6 

128 

127 

122 

122 

124 

127 

130 

'3« 

126*4 

• 

"27-3 

127-2 

128-2 

12S-2 

126-6 

124*1 

124-5 

126*0 

127-5 

128-5 

126-4 

1273 

127-2 

127-6 

1279 

127-8 

126-6 

124-4 

124-9 

1257 

127-5 

1285 
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HORIZONTAL  INTENSITY—Cootinued. 

nMgnetameter  of  the  Los  Angeles  Miigneiie  Observatory. 

rMding*  lefemd  to  st4iid«nd  tempeniiire  of  magnet.    Inoreadng  nnmberB  indicate  increasing  force.] 

JULY,  1884. 


13* 

14" 

15^ 

l6b 

17"' 

i8i> 

19* 

20* 

21* 

22* 

«3*  , 

Mid- 
night. 

Daily 
mean. 

132 

13s 

129 

130 

130 

129 

>3o 

128 

130 

129 

«3o 

129 

129-8* 

['32]  [ 

»3i][ 

130] 

[128]  [ 

127]  [ 

128] 

[•*9]  [ 

i29]  [ 

130] 

[130]  [ 

132]  [ 

132] 

[130-9] 

•   • 

"3 

•   • 

121 

119 

•     • 

118 

116 

•   • 

"7 

9           • 

122 

•    • 

122 

•   • 

122 

119 

•     • 

123 

•   • 

122 

•     • 

121*7 

121 

117 

"7 

112* 

U3* 

118 

119 

119 

118 

119 

122 

125 

120-5 

125 

125 

122 

121 

117 

123 

125 

126 

128 

125 

128 

129 

123-8 

131 

131 

127 

127 

124 

121 

120 

126 

126 

125 

126 

123 

125-9 

126 

126 

123 

"3 

122 

"3 

124 

126 

126 

126 

126 

128 

124*2 

130 

128 

126 

126 

127 

124 

111 

126 

127 

127 

128 

128 

126*1 

126 

128 

i«o 

125 

124 

126  • 

128 

129 

125 

127 

128 

126*5 

134 

134 

131 

129 

124 

123 

126 

126 

120 

120 

• 

124 

135 

129*2 

135 

129 

127 

125 

125 

126 

127 

126 

123 

123 

126 

127 

126-7 

135 

HI* 

138* 

III* 

103* 

105* 

121 

123 

"7 

112* 

132 

120 

126*7 

121 

121 

122 

118 

116 

118 

120 

122 

123 

•124 

124 

129 

122*2 

129 

129 

129 

123 

"3 

124 

125 

114* 

120 

124 

"5 

126 

125-4 

122 

122 

124 

119 

118 

122 

125 

I2< 

126 

127 

128 

128 

124*4 

128 

126 

127 

126 

127 

128 

128 

128 

128 

128 

127 

128 

127-6 

122 

122 

121 

122 

122 

126 

128 

130 

129 

131 

133 

133 

12^*6 

137* 

134 

131 

128 

121 

113* 

107* 

103* 

116 

122 

121 

123 

127-0 

126 

125 

124 

122 

119 

122 

123 

137 

127 

126 

126 

126 

123-1 

128 

124 

122 

122 

122 

122 

• 

124 

126 

125 

127 

127 

126 

124*9 

126 

127 

129 

128 

129 

129 

127 

126 

125 

127 

128 

128 

126*3 

128 

127 

127 

125 

125 

126 

128 

127 

129 

130 

130 

130 

128-4 

132 

129 

130 

129 

127 

128 

129 

126 

123 

118 

121 

121 

128-3 

126 

125 

123 

122 

117 

"7 

1 10* 

113* 

"7 

122 

123 

126 

123*1 

122 

125 

126 

126 

126 

127 

126 

132 

128 

130 

130 

128 

125*0 

124 

118 

122 

124 

125 

124 

127 

128 

128 

128 

125 

124 

126*8 

124 

122. 

124 

125 

125 

125 

125 

128 

129 

129 

128 

128 

126*7 

130 

128 

129 

128 

125 

125 

126 

126 

126 

126 

126 

126 

129*2 

120 

119 

124 

126 

124 

123 

126 

127 

127 

126 

127 

129 

125-3 

130 

126 

122 

121 

124 

124 

126 

127 

127 

129 

128 

125 

126-2 

1275 

1265 

1 255 

123-6 

122*2 

122*9 

1 24- 1 

124-7 

125-0 

1 25*1 

126*8 

127-0 

125-96 

127-2 

126*0 

125*1 

124-5 

123-2 

123-9 

125-2 

126-3 

125*0 

125-6 

126-8 

127-0 
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U.   8,   COAST  AND  OBODETIf   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.         900  diviaiona  plus  tabular  qoantity,  one  division  =  0*000100  in  parts  of  H.    Al 

AUGUST,  1884. 
[For  the  explanation  of  tlieee  tables  see  pp.  53,  54.] 


Day. 

i»» 

2h 

3^ 

4^ 

5»» 

6b 

7»» 

8b 

9h 

lOb 

11*  Noon. 

I 

126 

127 

128 

128 

129 

129 

126 

121 

125 

125 

123 

12a 

2 

127 

127 

127 

126 

128 

129 

125 

122 

123 

121 

121 

124 

3 

129 

127 

128 

128 

129 

131 

130 

"30 

128 

125 

123 

122 

4 

127 

126 

125 

127 

125 

"25 

123 

120 

125 

"31 

132* 

132* 

.  5 

129 

128 

128 

129 

128 

130 

125 

121 

123 

123 

126 

127 

6 

130 

129 

130 

130 

132 

130 

126 

120 

120 

121 

124 

128 

7 

132 

•«32 

131 

132 

132 

132 

125 

128 

129 

»3« 

132* 

^SS* 

8 

130 

132 

«3i 

»3i 

132 

129 

130 

129 

128 

124 

lOI* 

119 

9 

127 

122 

131 

128 

126 

I^ 

121 

118 

118 

ii( 

"5 

116 

10 

132 

124 

125 

126 

124 

124 

124 

120 

122 

122 

125 

123 

II 

130 

126 

125 

125 

126 

124 

123 

119 

123 

122 

122 

124 

12 

127 

127 

127 

128 

128 

127 

128 

126 

125 

124 

124 

123 

13 

126 

128 

128 

129 

130 

125 

122 

119 

126 

128 

127 

123 

14 

127 

128 

130 

132 

129 

132 

129 

124 

122 

"7 

118 

12a 

15 

126 

"5 

128 

126 

125 

126 

124 

119 

118 

119 

120 

121 

16 

123 

125 

124 

125 

124 

124 

120 

118 

125 

127 

126 

»23 

17 

127 

126 

126 

126 

126 

126 

"3 

121 

122 

123 

124 

124 

18 

128 

128 

128 

129 

129 

130 

123 

117 

119 

122 

126 

127 

19 

128 

128 

128 

128 

126 

127 

126 

124 

»23 

124 

125 

124 

20 

130 

»30 

130 

Uo 

^29  ^ 

128 

124 

128 

134* 

138* 

»39* 

I36» 

21 

128 

126 

131 

125 

123 

122 

120 

122 

124 

125 

120 

119 

22 

124 

120 

122 

124 

125 

120 

123 

122 

116 

IIO* 

114 

114 

23 

119 

125 

124 

122 

121 

122 

120 

117 

116 

116 

118 

116 

24 

125 

126 

125 

127 

124 

124 

122 

»23 

«23 

121 

119 

120 

25 

121 

122 

1.23 

124 

125 

125 

126 

124 

122 

119 

120 

121 

26 

127 

126 

126 

127 

127 

126 

122 

119 

119 

121 

122 

122 

27 

127 

122 

123 

124 

124 

124 

120 

116 

116 

116 

119 

121 

28 

124 

124 

124 

125 

126 

124 

118 

114 

114 

117 

118 

118 

29 

124 

124 

124 

124 

126 

125 

121 

116 

118 

121 

124 

126 

30 

126 

125 

124 

125 

126 

126 

124 

119 

117 

118 

118 

120 

31 

127 

127 

126 

127 

128 

128 

126 

122 

119 

118 

119 

125 

Monthly) 
mean  ) 
Normal 

126*9 

126*2 

126*8 

127*0 

126*8 

126*4 

123*8 

121*2 

122*0 

122*1 

122*1 

123*0 

126*9 

126*2 

126*8 

127*0 

126*8 

126*4 

123*8 

121*2 

121*6 

I22'0 

121*5 

121*8 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  ike  Los  Angeles  Magnetic  Observatory, 

readings  referred  to  standard  tmiperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

AUGUST,  1884. 


li** 

I4«» 

i5h 

i6«» 

I7»' 

1 8k 

19b 

20*> 

2ib 

22b 

23h 

Mid- 
night. 

DaUy 
mean. 

120 

117 

116 

120 

121 

126 

128 

126 

126 

126 

128 

128 

124*6^ 

120 

121 

126 

127 

128 

129 

127 

130 

129 

128 

127 

128 

125-8 

124 

124 

128 

126' 

126 

128 

128 

"30 

129 

129 

128 

129 

127-5 

130 

132 

133* 

128 

125 

127 

127 

127 

127 

128 

129 

129 

127-5 

125 

126 

128 

127 

124 

127 

• 

126 

126 

128 

130 

130 

130 

126-8 

129 

129 

129 

127 

129 

130 

134* 

134* 

133 

^32 

132 

132 

128-8 

131 

127 

124 

123 

125 

127 

129 

130 

127 

128 

121 

126 

128-6 

124 

122 

120 

II2* 

• 

1 10* 

118 

"3 

122 

125 

127 

128 

127 

123-9 

119 

1 12* 

"7 

116 

120 

119 

117 

119 

125 

127 

126 

125 

121-0 

119 

122 

116 

122 

122 

124 

124 

122 

126 

126 

125 

126 

1235 

128 

128 

131 

129 

125 

124 

125 

127 

126 

126 

126 

126 

1254 

124 

121 

121 

119 

116 

124 

124 

127 

123 

130 

132 

128 

125-1 

125 

127 

126 

122 

124 

126 

125 

125 

125 

•128 

128 

126 

125-8 

"5 

119 

124 

126 

125 

125 

122 

122 

126 

122 

125 

125 

124-8 

121 

121 

120 

120 

121 

123 

123 

121 

120 

123 

123 

122 

122*3 

122 

120 

119 

120 

121 

123 

124 

124- 

124 

124 

»25 

125 

123-1 

125 

126 

127 

127 

125 

125 

126 

126 

125 

126 

126 

131 

125*4 

128 

128 

129 

126 

122 

123 

124 

125 

127 

126 

126 

126 

125-7 

125 

126 

126 

126 

125 

130 

130 

128 

128 

129 

130 

129 

126-8 

133* 

'30 

126 

117 

122 

122 

124 

122 

120 

112* 

122 

122 

127-0 

117 

iJ* 

104* 

112* 

116 

120 

122 

122 

120 

»23 

118 

112* 

120*2 

105* 

109* 

112* 

117 

119 

120 

120 

118 

120 

118 

119 

117*5 

117 

119 

121 

122 

122 

122 

120 

123 

124 

124 

125 

125 

120-8 

119 

"7 

118 

123 

121 

122 

122 

121 

125 

122 

121 

123 

122-2 

124 

126 

128 

126 

126 

125 

124 

127 

126 

126 

126 

126 

124-3 

124 

124 

124 

123 

122 

121 

120 

120 

123 

123 

122 

123 

1230 

121 

120 

H9 

119 

120 

123 

125 

125 

125 

125 

125 

124 

121-8 

119 

120 

121 

123 

123 

126 

126 

125 

126 

124 

120 

121 

121*7 

128 

128 

127 

127 

127 

127 

126 

126 

122 

122 

123 

125 

124-2 

123 

127 

128 

129 

129 

128 

127 

126 

127 

126 

128 

127 

1247 

127 

129* 

126 

122 

• 

123 

125 

124 

125 

126 

124 

125 

126 

1248 

1233 

122*9 

122*9 

122*5 

122*6 

124*5 

124*7 

124*9 

125*2 

125*4 

125-4 

125*5 

12434 

1236 

124*1 

123*7 

123*6 

123*1 

1245 

124*4 

124*6 

125*2 

125*8 

125*4 

126-0 
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U,   8.   COAST  AND   GEODETIC   SURVEY. 


'DIFFERENTIAL  MEASURES- 

Hourly  readings  from  the  photographic  trace$  of  the  bifilar 

[Local  menu  time.         300  diTiaions  plus  iabnlar  qnaatity,  one  dlTiaion  =  0*000100  in  parU  of  H.*  AU 

SEPTEMBER,  1884. 
[For  the  ezplanatioii  of  theoe  tables  aee  pp.  53, 54.) 


Day. 

ih 

• 

2b 

3b 

4»» 

5»' 

6b 

7^ 

8»» 

9h 

lOb 

lib 

Noon. 

I 

126 

124 

U5 

126 

125 

124 

122 

120 

119 

117   1 

121 

124 

a 

126 

126 

126 

127 

127 

127 

122 

120 

121 

125   ] 

[28* 

I30» 

3 

125 

124 

125 

126 

125 

124 

118 

"9  . 

120 

122   1 

»23 

123 

4 

124 

124 

124 

124 

125 

124 

118 

"3 

114 

115   ] 

[20 

124 

5 

126 

126 

127 

127 

127 

125 

122 

118 

119 

120   ] 

[22 

127 

6 

124 

126 

126 

126 

125 

124 

118 

114 

III 

114   1 

"3 

118 

7 

127 

126 

126 

127 

127 

128 

126 

121 

116 

114   1 

1 16 

118 

8 

124 

124 

124 

123 

123 

122 

120 

"5 

109 

109   1 

112 

I '7 

9 

126 

125 

124 

125 

125 

124 

123 

120 

"7 

"3  1 

114 

117 

10 

120 

118 

121 

120 

119 

120 

117 

114 

118 

117   ] 

[I8 

120 

II 

119 

112* 

117 

117 

120 

116 

120 

118 

120 

122  1 

123 

122 

12 

120 

121 

122 

120 

121 

122 

119 

117 

117 

118  ] 

[I9 

119 

13 

129 

119 

120 

124 

126 

"3 

124 

122 

121 

124  1 

[22 

114 

14 

104* 

108* 

126 

117 

118 

119 

119 

116 

"7 

115   1 

[I6 

112 

15 

116 

118 

119 

118 

119 

117 

114 

III 

112 

"3  I 

"4 

117 

16 

121 

120 

120 

120 

120 

118 

"3 

108 

109 

112  1 

H5 

116 

17 

125 

119 

124 

127  ' 

126 

123 

119 

114 

112 

"3  J 

[18 

"3 

18 

109* 

III* 

104* 

167* 

109* 

104* 

102* 

103* 

104* 

102* 

97* 

107* 

19 

III* 

"3 

114 

112* 

"5 

114 

"3 

109 

107 

io6»  1 

no 

112 

20 

116 

117 

118 

118 

116 

116 

"3 

108 

104* 

104*  1 

105* 

109 

21 

118 

118 

119 

118 

119 

117 

117 

no 

106* 

105*  1 

io6* 

107* 

22 

120 

116 

118 

118 

119 

119 

"7 

"3 

III 

109   ] 

108* 

no 

23 

118 

119 

120 

122 

122 

120 

"7 

III 

106* 

103*  ] 

[06* 

109 

24 

120 

122 

121 

122 

121 

120 

117 

112 

no 

no  ] 

ti4 

116 

25 

121 

122 

123 

124 

126 

124 

122 

"7 

116 

116  1 

[18 

119 

26 

118 

119 

119 

122 

120 

121 

119 

"7 

118 

120  1 

119 

122 

27 

122 

123 

"3 

124 

124 

«23 

122 

122 

122 

123  ] 

[25 

125 

28 

121 

121 

120 

121 

121 

122 

120 

120 

122 

126  1 

'25 

123 

29 

120 

120 

120 

121 

122 

120 

120 

120 

119 

118  1 

118 

117 

30 

126 

130 

126 

128 

128 

132* 

122 

125* 

127* 

127*  ] 

[26 

121 

Monthly) 
mean  5 

1 20*7 

I20'4 

121*4 

121*8 

I22'0 

121*1 

118-5 

115*6 

114*8 

1151  1 

[16*4 

117-6 

Normal 

122*1 

121*5 

122*0 

122*7 

122*4 

121*3 

119*1 

"57 

U5-9 

1 16*5  ] 

[1 8*4 

117*6 
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HORIZONTAL  INTENSITY -Continued. 

mdgnetometer  of  the  Los  Angeles  Magtietic  0hservai4>ry. 

readings  referred  to  standard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

SEPTEMBER,  1884. 


I3h 

I4»» 

15^ 

l6h 

I7** 

i8>» 

I9«» 

20*> 

2I«» 

22*> 

23*' 

Mid- 
night. 

Daily 
mean. 

126 

128 

127 

125 

124 

124 

124 

124 

123 

125 

126 

126 

124-0** 

131* 

126 

125 

127 

129 

129 

124 

123 

123 

127 

126 

125 

1258 

124 

122 

123 

124 

124 

124 

123 

'25 

126 

125 

125 

126 

>23  5 

126 

127. 

125 

123 

123 

123 

123 

123 

125 

125 

125 

126 

122*6 

130* 

131* 

130* 

130* 

127 

125 

127 

129 

125 

122 

124 

118 

125*2 

122 

"5 

124 

125 

124 

124 

124 

124 

124 

125 

125 

128 

122-2 

120 

120 

122 

123 

125 

124 

124 

124 

122 

122 

125 

124 

122-8 

120 

123 

126 

125 

124 

124 

124 

124 

124 

124 

124 

125 

121*2 

121 

124 

126 

128 

128 

126 

121 

121 

121 

124 

122 

116 

122*1 

121 

118 

109* 

121 

116 

118 

"5 

"5 

114 

"3 

123 

126 

118-0 

120 

117 

116 

117 

119 

120 

120 

119 

119 

119 

120 

124 

119*0 

118 

120 

119 

120 

119 

116 

117 

118 

119 

118 

116 

"3 

118-7 

114 

J 14 

112 

io8* 

106* 

103* 

100* 

106* 

114 

104* 

105* 

101* 

114*8 

112 

109* 

104* 

104* 

104* 

108* 

112 

no* 

"3 

112 

III* 

"5 

112-5 

116 

116 

"5 

114 

"5 

116 

118 

118 

119 

119 

121 

120 

1 16*5 

118 

120 

120 

120 

119 

121 

124 

124 

125 

125 

127 

126 

119*2 

no 

112 

io6» 

89* 

100* 

92* 

73* 

80* 

97* 

90* 

87* 

89* 

106-6 

io6« 

112 

io8* 

108* 

106* 

108* 

no* 

112 

"5 

103* 

114 

"5 

107-3 

114 

116 

114 

"3 

112 

115 

114 

"5 

116 

"5 

114 

117 

113*0 

112 

112 

no* 

107* 

no* 

"5 

"7 

117 

117 

117 

117 

117 

113-0 

III 

"5 

116 

117 

114 

112 

113 

117 

116 

118 

122 

119 

1 14-6 

III 

i'3 

116 

116 

116 

116 

117 

116 

117 

117 

120 

118 

II55 

114 

119 

122 

122 

121 

120 

120 

120 

121 

121 

121 

121 

Ii7'3 

117 

120 

121 

122 

120 

120 

121 

121 

121 

121 

121 

120 

1 18  8 

119 

121 

122 

122 

120 

120 

120 

120 

"7 

118 

120 

120 

1203 

124 

124 

123 

121 

120 

121 

122 

121 

122 

122 

121 

122 

120*7 

124 

122 

120 

120 

121 

123 

124 

125 

124 

122 

122 

122 

122-8 

119 

114 

"7 

116 

116 

119 

120 

120 

121 

121  . 

120 

120 

120*2 

116 

116 

116 

122 

122 

125 

125 

126 

125 

126 

126 

126 

121*1 

118 

116 

116 

117 

118 

121 

121 

123 

120 

121 

122 

123 

123-1 

II  8*5 

1 19- 1 

118-3 

Il8'2 

1181 

11 8*4 

1179 

1 187 

1195 

1187 

1 197 

119*6 

11875 

1 180 

119*0 

I20-I 

120S 

I20-6 

1 208 

I20'5 

I20'9 

1203 

120-9 

121-8 

121*4 
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U.  S,  COAST  AND  GEODETIC  SURVEY. 


[Local  mcAB  time. 


DIFFERENTIAL  MEASURES— 

Hourly  rfadingn  from  the  photographic  traves  of  the  hifilar 

200  difisionfl  plus  talnilur  qaantity,  one  division— 0000100  in  parta  of  11.    All 

OCTOBER,  1884. 
[For  the  explanation  of  theae  talilea  nee  pp.  SK),  54.] 


Day. 

i»» 

^ 

a** 

4»' 

5*^ 

6h 

yh 

8h 

9h 

loh 

ii»> 

Noon. 

I 

121 

»23 

122 

122 

122 

121 

119 

119 

121 

122* 

122* 

122* 

2 

I03» 

100* 

95* 

101* 

104* 

104* 

io6» 

86* 

lOO* 

109 

in 

109 

3 

104* 

io6» 

107* 

109 

108* 

io8» 

105* 

102* 

102* 

106 

109 

no 

4 

114 

112 

"4 

"3 

114 

112 

112 

106 

103* 

105 

106 

106 

5 

"4 

121 

116 

116 

116 

112 

"3 

no 

106 

103* 

ro4 

106 

6 

112 

"3 

"4 

119 

H7 

117 

116 

114 

112 

"3 

III 

no 

7 

112 

114 

"5 

116 

117 

114 

III 

106 

98* 

I02* 

100* 

>o5 

8 

116 

116 

117 

117 

118 

116 

116 

112 

108 

93* 

104 

104 

9 

"7 

n8 

"9 

119 

119 

118 

119 

118 

"5 

108 

112 

109 

10 

"5 

116 

"7 

117 

"5 

"5 

"5 

"3 

108 

109 

109 

109 

11 

118 

"7 

118 

118 

118 

117 

116 

"5 

114 

114 

112 

"3 

12 

118 

118 

"9 

119 

119 

119 

it6 

"5 

"5 

118 

120 

122* 

»3 

120 

"9 

118 

118 

118 

117 

116 

114 

"3 

"5 

116 

118 

14 

108 

io6* 

IIS 

MS. 

116 

"7 

117 

116 

"3 

120 

120 

"5 

15 

III 

"9 

"4 

119 

117 

118 

116 

III 

no 

114 

114 

"3 

16 

"3 

114 

i'5 

"5 

"5 

116 

114 

112 

112 

112 

114 

114 

17 

"3 

115 

119 

120 

124 

117 

112 

114 

no 

112 

112 

"3 

18 

118 

118 

118 

"7 

118 

"7 

116 

114 

III 

III 

no 

114 

«9 

121 

122 

120 

120 

117 

119 

119 

116 

III 

108 

no 

III 

20 

120 

120 

120 

119 

121 

120 

119 

120 

118 

117 

118 

"7 

21 

124 

121 

120 

121 

120 

118 

121 

118 

123* 

119 

116 

116 

22 

120 

119 

"3 

120 

121 

120 

119 

116 

116 

"5 

"5 

114 

23 

119 

119 

121 

120 

119 

119 

118 

116 

"5 

114 

112 

"3 

24 

120 

121 

122 

121 

122 

121 

119 

116 

114 

III 

III 

114 

25 

no 

"3 

"3 

116 

116 

116 

117 

116 

"3 

no 

109 

III 

26 

116 

119 

119 

IIP 

116 

120 

116 

114 

"3 

no 

"3 

114 

27 

118 

118 

120 

120 

120 

120 

118 

116 

"5 

"3 

"3 

"3 

28 

123 

120 

119 

119 

120 

124 

^^l 

121 

122 

121 

120 

122* 

29 

no 

114 

"3 

116 

116 

118 

120 

121 

114 

112 

112 

:^ 

30 

"3 

114 

"4 

"5 

"5 

116 

"5 

"3 

no 

no 

109 

31 

118 

117 

118 

118 

117 

117 

118 

116 

114 

III 

no 

112 

Monthly) 
mean  ( 

115-4 

Il6'2 

11 6*6 

117-2 

"7-3 

1 1 6*9 

II 6-0 

"3-4 

111-9 

III-5 

II2-I 

112-6 

Normal 

II6-3 

1 17s 

117-6 

117-8 

II 8-0 

117-6 

II6-8 

1 14-8 

1 13-2 

112*5 

112*1 

111*6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angelen  Magnetic  Ohserratory, 

* 

readioga  referred  io  standard  temperature  of  magnet.    Increaaing  numbers  indicate  increaning  force.) 

OCTOBER,  1884. 


la** 

I4»» 

i5». 

l6h 

,7h 

i8»» 

iQh 

20»> 

8o» 

2I*» 

22b 

23h 

Mid- 
night. 

Daily 
mean. 

121 

121 

130* 

127* 

124 

126* 

84* 

78* 

91* 

91* 

90* 

'U^** 

104* 

96* 

88» 

88* 

83* 

82» 

78* 

88» 

94* 

104* 

109 

105* 

97-8 

112 

no 

no 

109 

109 

107 

108 

ni 

112 

in 

n2 

114 

108-4 

108 

no 

107 

105* 

105* 

106 

III 

n2 

114 

"3 

"3 

"3 

1098 

i»3 

"5 

"7 

118 

116 

"5 

"3 

106 

no 

no 

III 

III 

II2-2 

no 

no 

"3 

109 

108 

107 

103* 

101* 

I02» 

104* 

103* 

no 

IIO-3 

104* 

106 

no 

III 

"3 

III 

"4 

"3 

"5 

"5 

"5 

"5 

1 10-5 

no 

"3 

n6 

"5 

116 

116 

114 

114 

"5 

"4 

"7 

117 

1131 

112 

"5 

"5 

116 

117 

119 

"7 

in 

108 

III 

112 

114 

114-9 

112 

"3 

"5 

"5 

114 

"5 

"3 

"3 

"5 

115 

116 

116 

1 138 

"4 

"5 

n6 

118 

118 

n8 

n8 

n8 

n8 

n8 

118 

"7 

n6-5 

123* 

122 

121 

118 

"7 

118 

120 

i»9 

"9 

n8 

118 

"9 

n8-8 

119 

n8 

n8 

119 

"5 

112 

116 

117 

n8 

"7 

109 

106* 

n6-i 

114 

"5 

in 

108 

104* 

104* 

104* 

106 

109 

112 

112 

"3 

n2-i 

109 

109 

105* 

107 

J08 

109 

"3 

no 

n2 

in 

no 

115 

112-2 

"4 
116 

"3 
ny 

112 
117 

\\l 

"5 
118 

117 
117 

117 
116 

117 
118 

117 
"7 

116 
"7 

117 
118 

121 
118 

n4-8 
n6-2 

n8 

120 

120 

120 

119 

116 

118 

117 

116 

118 

116 

121 

1167 

"4 

ny 

"7 

118 

119 

120 

"9 

120 

120 

120 

121 

120 

117-S 

"7 

120 

122 

119 

119 

118 

118 

118 

118 

117 

117 

121 

II 8-9 

116 

n6 

"7 

118 

118 

117 

118 

118 

118 

119 

120 

120 

II 8-8 

"5 

n6 

"7 

119 

120 

120 

119 

119 

119 

119 

119 

120 

118-3 

"3 

114 

n6 

117 

"7 

n8 

119 

119 

119 

119 

119 

120 

117-3 

n6 

"7 

"9 

n8 

117 

118 

117 

112 

105* 

I02* 

106 

105* 

115*2 

"4 

"4 

"3 

no 

108 

109 

ni 

112 

"3 

114 

"5 

"5 

II 2-8 

107 

"4 

"5 

"4 

"3 

114 

"5 

114 

"5 

"5 

114 

J15 

114*8 

"3 

n6 

n8 

120 

120 

120 

121 

n8 

116 

116 

116 

118 

1173 

119 

"9 

n8 

n6 

"3 

112 

"4 

n2 

114 

112 

109 

no 

I17-6 

>"3 

107 

107 

109 

108 

no 

in 

ni 

no 

109 

"5 

112 

112-5 

109 

no 

nz 

"4 

116 

"7 

118 

"7 

"3 

«'5 

"3 

116 

"3  4 

114 

"5 

"7 

119 

120 

I20 

120 

"9 

121 

119 

119 

120 

117-0 

"3*3 

114*0 

1 14-5 

114-4 

113-8 

113-8 

II 2-8 

1 1 23 

II 2-6 

"3*3 

"3-5 

II 4-4 

11415 

113*6 

146-6 

115*2 

115*2 

"5*5 

114-9 

"5'9 

1 14-7 

115-2 

115*2 

1147 

1 1 6-3 

i 


,  COAST  AND   GEODETIC   SUBVEY. 


DIFFERENTIAL  MEASURES— 

Sourly  reading$from  the photoffrapkic  iraca  o/tke  bijilar 

300dlvlik>upluUbulHqiui>tJt;,<»adlTlUiiii-00001<niniiutaoCH.    All 
NOVEMBER,  1884. 
(Foi  the  eipUaMdim  of  Ui«m  toblM  we  pp.  U,  H.) 


Day. 

|k 

,. 

3" 

4» 

5" 

e"- 

7^ 

S"- 

9" 

to" 

n"  Noon. 

J 

■ao 

119 

tai 

123 

laa 

ia4 

12a 

laa 

ni 

'*3' 

118   118 

114 

114 

'■S 

108 

"3 

116 

iiS 

loS 

104 

89-  79- 

3 

84" 

gb" 

109 

n6 

99. 

n7 

I06" 

io6« 

109 

107 

.08   105 
105   108 

4 

108 

116 

toS 

loS 

108 

io8« 

109 

108 

107 

'OS 

5 

111 

III 

113 

III 

112 

III 

no 

107 

104 

103   104 

6 

"4 

114 

114 

114 

;;i 

n4 

"3 

112 

III 

in 

109  loS 

7 

117 

■'S 

116 

116 

116 

116 

t|4 

n4 

109 

108  109 

B 

117 

iiS 

n6 

m6 

"S 

nS 

lao 

nS 

109  109 

9 

117 

"5 

119 

"S 

n6 

118 

iiS 

ns 

114 

"3 

III   lis 

ro 

"5 

"5 

116 

116 

116 

117 

"S 

114 

loS  no 

,, 

no 

112 

"S 

12a 

lao 

114 

iiS 

nj 

no 

loS 

107  107 

"3 

"5 
117 

116 
119 

114 

nS 

119 

n6 

n6 

ti6 
tai 

'M 

i"S 
117 

116 

loS  109 
114  116 

■4 

117 

lis 

n8 

117 

119 

116 

n4 

113  104 

"S 

118 

iig 

nS 

iiS 

"9 

"9 

iiS 

116 

n4 

16 

119 

120 

123 

"3 

laa 

124 

"3 

120 

n6 

"3 

"3   l>4 

>7 

lao 

lai 

laa 

118 

117 

"3 

no  109 

18 

117 

■  16 

116 

nS 

nS 

116 

116 

116 

109  109 

19 

118 

118 

Its 

n? 

"9 

n^ 

114 

III   109 

118 

119 

110 

nS 

117 

lao 

120 

119 

121 

m6 

"3  I'i 

2, 

"7 

122 

:iS 

nS 

118 

110 

119 

"7 

"S 

MO 

109  109 

■  18 

118 

"9 

119 

119 

"<S 

114  114 

23 

119 

"7 

119 

119 

123 

124 

I^« 

iij  IIS 

116 

116 

n6 

116 

n6 

nS 

n8 

i'3 

ns 

116 

:;;  :'d 

*5 

do 

III 

114 

"5 

116 

"7 

117 

118 

I'S 

16 

■  14 

"S 

"4 

"5 

n6 

"7 

117 

"7 

"5 

"3 

no  no 

a? 

117 

117 

il7 

nS 

MS 

nS 

118 

119 

"17 

to6  106 

aS 

I02» 

loa" 

109 

n7 

114 

109 

108 

10s 

29 

114 

1 13 

n4 

n4 

n6 

"3 

"S 

107  106 

30 

108 

no 

iia 

117 

"5 

116 

nS 

n? 

116 

"S 

■la  toS 

Monthir) 

114-2 

I  ISO 

n6-o 

116-6 

n6i 

117-4 

1171 

1.6-3 

n4-a 

ni-8 

109-1  loS'S 

Normal 

11S7 

n6-t 

116-0 

tl6-6 

1167 

117-7 

117-4 

116-6 

113-9 

109-8  109-5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  ^ngelea  Magnetic  Observatory. 

readinga  referred  to  etaodard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

NOVEMBER,  18S4. 


i3h 

I4»» 

15" 

16»» 

17'* 

i8«» 

19** 

20*» 

2ih 

22*> 

23I1 

Mid- 
night. 

Daily 
mean. 

"7 

114   120 

118 

116 

123 

"3 

115 

no 

108 

103* 

no 

117-1* 

69* 

73* 

75* 

74* 

70* 

77* 

8o» 

75* 

72* 

74* 

8o* 

77* 

91-0 

106 

105   1 

[02* 

9«* 

89* 

95* 

96* 

lOI* 

100* 

100* 

105* 

103* 
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HORIZONTAL  INTENSITY-Continned* 

*  nutgnetameter  of  the  Los  Angeles  Magnetic  Observatory. 

nadingt  referred  to  standard  tomperatare  of  magnet.    Increasing  nomben  indicate  inoraaaing  force  ] 
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U.  8.   COAST   AND   GEODETIC   SlRVEy. 
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HORIZONTAL  INTENSITY-^Continned. 

magnetometer  of  the  Los  Angeles  Magnetic  Qbservatory. 
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III 
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"3 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


[Local  mean  time. 


DIFFERENTIAL  MEASURES-- 

Hourly  readingn  from  the  photographic  traeen  of  the  hifilar 

2U0  divki4>us  plus  tabular  quantity,  one  diviaion= 0*000109  in  part*  of  U.    All 

FEBRUARY,  1885. 
[For  tlie  explanation  of  these  tables  see  pp.  53,  ^.] 


Day. 

l>» 

2h 

3»» 

4»» 

S"* 

6»> 

7»» 

8h 

9b 

• 

lOb 

lib 

Noon. 

I 

113 

"3 

112   ] 

113 

"3 

"3 

"3 

114 

114 

"3 

114 

"5 

2 

no 

III 

in   ] 

til 

III 

112 

112 

112 

III 

no 

108 

no 

3 

no 

in 

in   1 

[i6 

"3 

112 

112 

109 

107 

105 

105 

108 

4 

"3 

"3 

114   J 

ti4 

115 

114 

"4 

no 

108 

102 

105 

107 

5 

116 

"5 

115   1 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

veadinga  referred  to  etaudard  temperature  of  magnet.    Inoreaaing  numbers  iudioate  increasing  force.] 

FEBRUARY,  1885. 
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U.   8.   COAST  AND   GEODETIC  SURYET. 


DIFFERENTIAL  MEASURES^ 

Hourljf  readings  from  ihe  photographic  traces  of  the  bifilar 

[Local  maaii  tino.         300  dlrlaioiu  jilna  tabular  quantity,  one  diyiaion  =  0-000100  in  i»arta  of  H.    All 

MARCH,  1885. 
[For  tlie  explanation  of  theae  taUea  aee  pp  53,  M.] 
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no 

27 

114 

"5 

116 

116 

"5 

116 

"5 

112 

112 

"3 

»i3 
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no 

no 
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"4 
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"3 
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III'O 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory, 

reading  referred  to  ■tendaid  temperature  of  mignet.    Inoreasing  numbers  indicate  inoreaaing  feroe.] 

MARCH,  1885. 
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I02* 

102* 
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iiri 
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"5 
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U.   B.   COASJ  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 


[Local  mMB  time. 


Day. 


Hourly  rcoAingH  from  tli€  photographic  trai^ett  of  the  hi  filar 

200  diviiiionn  plus  (.ibiilar  qiiHiitity,  nn««  divinion  .:-0-000109  in  parts  of  H.    AH 

APRIL,  1885. 
[For  the  oxplanation  of  ihew  tablfM  iuy«  pp.  5;t.  51.] 
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114 

114 

114 

114 

112 

"5 

"7 

119* 

121* 

24 

112 

112 

113 

114 

114 

"5 

112 

no 

106 

III 

112 

III 

25 

114 

"3 

112 

112 

"3 

"3 

III 

108 

108 

109 

109 

no 

26 

114 

116 

114 

114 

"5 

"4 

114 

'>3 

III 

III 

III 

108 

27 

97* 

IC2* 

105 

no 

1  iO 

no 

III 

108 

lOf^ 

108 

108 

no 

28 

no 

104 

108 

lOI* 

114 

108 

106 

lOI* 

99* 

>o3 

III 

109 

29 

flO 

no 

112 

no 

no 

109 

107 

"•>3 

lOI 

105 

108 

109 

30 

"3 

"3 

114 

114 

112 

112 

IOr> 

106 

106 

108 

109 

no 

Monthly) 
mean  { 

iiO'9 

111*5 

112*6 

112*4 

113*6 

"33 

112*0 

IIO'O 

io8*3 

1081 

1090 

1097 

Normal 

112-3 

112*2 

112-6 

112*8 

1 13'^> 

^UZ 

II2'0 

IIO-6 

1094 

108*1 

ioS*7 

«09*3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  office  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standArd  toiiiperaiure  of  inii;;nct.     IncreMing  uumberis  iudicate  increasiog  force.] 

APRIL,  1885. 


13**      H^      «5' 


i6^>      17''      i8*»         19**      2o'»      21  *>         22*»      23* 


Mid- 
night. 


113 

"5 

'"3 

112 

III 

112 

112 

III 

III 

no 

"3 

"5 

log 

III 

no 

III 

no 

109 

107 

108 

109 

III 

112 

"5 

108 

108 

107 

108 

109 

in 

no 

III 

109 

112 

111 

"3 

107 

107 

no 

112 

112 

111 

"3 

"3 

112 

"3 

"3 

"3 

no 

112 

"3 

"5 

115 

"5 

114 

114 

"5 

"5 

114 

114 

106 

III 

112 

"3 

114 

"3 

113 

116 

109 

no 

no 

109 

108 

107 

109 

n4 

114 

112 

no 

95* 

100* 

97* 

96* 

94* 

103 

103 

104 

lOI* 

108 

108 

109 

108 

109 

108 

106 

III 

no 

no 

no 

114 

"5 

n3 

114 

113 

112 

H3 

112 

"3 

109 

112 

114 

114 

no 

"3 

112 

112 

III 

III 

"3 

114 

lit 

"3 

118 

116 

ns 

114 

"3 

"3 

114 

114 

112 

109 

112 

III 

no 

106 

103* 

106 

108 

108 

104 

99* 

95* 

96* 

116 

116 

116 

116 

116 

112 

no 

III 

114 

n5 

114 

114 

112 

III 

109 

no 

108 

107 

106 

lOO* 

96* 

97* 

102* 

105 

107 

104 

III 

107 

no 

112 

112 

112 

112 

"3 

114 

112 

108 

107 

109 

no 

no 

112 

112 

112 

109 

102* 

105 

no 

no 

III 

"3 

114 

114 

113 

112 

112 

"3 

114 

114 

112 

112 

106 

107 

"3 

»*3 

"3 

112 

112 

120 

118 

116 

118 

in 

108 

no 

112 

112 

no 

108 

109 

107 

109 

112 

114 

114 

III 

108 

III 

113 

no 

108 

no 

no 

««3 

112 

"3 

n4 

"3 

114 

114 

"3 

112 

112 

"3 

113 

112 

"3 

"3 

116 

114 

114 

"3 

"3 

"3 

"3 

III 

no 

III 

112 

"3 

124* 

126* 

124* 

122* 

119 

117 

117 

n7 

116 

114 

112 

108 

"3 

112 

ni 

112 

113 

112 

109 

no 

no 

112 

112 

»»3 

III 

n4 

"3 

114 

114 

"3 

112 

114 

"3 

114 

"3 

114 

III 

"3 

112 

III 

no 

io2* 

101* 

98* 

8i» 

92* 

94* 

92* 

112 

no 

109 

107 

120 

116 

no 

102 

116 

105 

no 

109 

no 

108 

107 

108 

105 

105 

106 

106 

107 

108 

108 

109 

112 

114 

114 

"3 

112 

no 

in 

III 

no 

112 

in 

112 

no 

112 

"5 

"5 

"3 

III 

109 

107 

no 

112 

"3 

113 

111*0 

III'O 

111*5 

111-9 

112-1 

111-2 

110-5 

109-6 

109-4 

109-5 

109-8 

1103 

110-5 

no-5 

iii'i 

1120 

II 2-4 

II  1*6 

IIO-8 

in-o 

111-3 

II 2-0 

111-8 

112-1 

Dailx 
mean. 


12-6** 

11-2 

094 

107 

12-7 

11-8 

075 
o6-6 

10-3 

12-4 

12-9 
082 
11-6 

087 
089 

081 
123 

i3-5 
12*0 

12-0 

13*2 

137 
16-6 

11-7 

12*1 

072 
089 
067 
098 
III 
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U.   S.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

(Local  mean  time.         200  diviiiioiis  plus  iabalar  qaaniity,  one  divliiion  —  0*000109  in  parte  of  H.    All 

MAY,  1885. 
[For  the  explanation  of  tl;ese  tablei  see  pp.  5.1,  54.] 


Day. 

I>» 

2h 

3'^ 

4»» 

5^ 

6h 

7'* 

8»» 

9b 

IO*» 

ii»> 

Noon. 

I 

114 

114 

"5 

"5 

"5 

i'3 

112 

109 

108 

no 

III 

112 

2 

III 

"3 

114 

"3 

"3 

"3 

no  ] 

no 

112 

"5 

114 

113 

3 

"5 

116 

114 

>i5 

"5 

114 

114  1 

H3 

114 

112 

no 

109 

4 

"5 

118 

118 

lib 

"7 

117 

114  1 

109 

III 

"3 

114 

118 

5 

114 

114 

114 

"3 

"5 

114 

"3   ] 

[09 

III 

112 

"3 

114 

6 

114 

114 

114 

"3 

112 

112 

"3   1 

[|2 

"3 

III 

114 

"5 

7 

III 

112 

116 

112 

112 

"4 

no  1 

"3 

114 

"5 

"5 

IIS 

8 

III 

III 

no 

no 

112 

III 

109  ] 

109 

112 

114 

"5 

116 

9 

"7 

118 

116 

118 

ii7 

116 

114  1 

JI5 

117 

119 

119 

120 

10 

123* 

121 

120 

126* 

131* 

"3 

III   1 

115 

"3 

no 

107 

109 

11 

100* 

104 

104 

109 

108 

"3 

III   ] 

ro8 

103 

102 

106 

104 

12 

"5 

106 

III 

no 

112 

no 

107  1 

107 

107 

108 

no 

in 

13 

116 

116 

116 

"5 

114 

"3 

"3  J 

109 

100* 

90* 

85* 

89* 

14 

102* 

103* 

I02* 

>o3 

103 

102* 

lOI*  ] 

[OO* 

lOO* 

98* 

99* 

100* 

*S 

105 

108 

108 

108 

109 

108 

108  1 

106 

106 

105 

I02* 

98* 

16 

III 

III 

114 

107 

108 

108 

108  ] 

[07 

106 

109 

112 

112 

17 

112 

113 

"3 

"3 

113 

114 

"3   J 

'15 

116 

"3 

109 

no 

18 

III 

"3 

114 

114 

116 

"4 

III  ■  ] 

112 

115 

"5 

"5 

114 

19 

112 

112 

112 

"3 

114 

114 

116   ] 

[16 

"5 

112 

!«3 

no 

20 

112 

114 

"5 

114 

"5 

116 

117   1 

117 

122* 

123* 

124* 

122* 

21 

110 

no 

III 

112 

i«3 

114 

112   ] 

'"4 

>'3 

115 

112 

III 

22 

"3 

114 

114 

114 

"5 

115 

115   ] 

'*? 

no 

114 

114 

"3 

23 

120 

120 

118 

118 

118 

119 

117   ] 

n6 

"5 

"3 

112 

112 

24 

118 

'17 

112 

112 

114 

"5 

118   J 

119 

122* 

122* 

118 

116 

25 

"5 

"7 

116 

116 

116 

119 

126*  ] 

130* 

130* 

131* 

124* 

120 

26 

90* 

97* 

102* 

98* 

96* 

97* 

93* 

94* 

97* 

100* 

102* 

106 

27 

98* 

100 

105 

105 

105 

104 

99* 

99* 

103 

103 

lOO* 

100* 

28 

89* 

III 

106 

100* 

>03 

lOI* 

lOI* 

99* 

93* 

90» 

96* 

97* 

29 

106 

104 

102* 

«03 

104 

108 

106  1 

ro5 

107 

109 

III 

112 

30 

106 

107 

107 

no 

106 

106 

104   ] 

108 

107 

109 

108 

104 

3* 

108 

III 

109 

108 

108 

108 

109   J 

[06 

102 

106 

no 

III 

Monthly^ 
mean  $ 

no*  I 

111*6 

1117 

II  1*4 

111*9 

111*5 

110*5  1 

lOI 

no- 1 

1103 

no*  I 

IIO-I 

Normal 

1125 

1 1 2-8 

1 1 27 

1117 

111*8 

112*7 

111*7  1 

[11*2 

110-4 

II  1*0 

112*3 

112*3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperatore  of  mafcnot.    Increasing  nombors  indicate  increasing  force.] 

MAY,  1885. 


13** 

U"* 

IS-* 

i6«» 

i7»» 

i8b 

I9*> 

20*" 

2ih 

22»> 

23b 

Mid- 
night. 

Daily 
mean. 

114 

116 

116 

"5 

"5 

116 

116 

116 

116 

114 

in 

"3 

\\y^ 

114 

no 

107 

109 

112 

112 

"3 

"3 

114 

"5 

116 

116 

112*6 

no 

112 

114 

114 

114 

116 

118 

116 

117 

116 

112 

114 

"3*9 

119 

116 

"5 

114 

"3 

III 

III 

III 

"5 

109 

III 

114 

1141 

114 

"3 

no 

105 

105 

107 

105 

107 

no 

112 

"3 

114 

111*3 

118 

"7 

114 

112 

109 

ni 

112 

112 

"3 

114 

114 

•in 

1131 

116 

114 

114 

III 

109 

III 

no 

109 

no 

"5 

112 

112 

II2-6 

116 

114 

112 

in 

112 

114 

"5 

"5 

"5 

114 

116 

"5, 

112-9 

118 

114 

114 

114 

116 

112 

112 

112 

'^ 

114 

124* 

122* 

1161 

109 

"3 

"3 

"5 

"5 

114 

119* 

"7 

118 

III 

106 

104 

114*7 

I02* 

lOI* 

99* 

98* 

93* 

92* 

91* 

88* 

87* 

106 

96* 

96* 

ioo'9 

III 

III 

III 

106 

97* 

105 

no 

109 

108 

no 

in 

109 

1088 

89* 

90* 

84* 

76« 

75* 

82* 

90* 

93* 

94* 

95* 

99* 

100* 

97*6 

lOI* 

104 

103 

102 

102 

102 

102 

103 

102 

104 

105 

106 

102*0 

98* 

lOI* 

lOI* 

104 

98* 

104 

106 

106 

106 

107 

108 

107 

1049 

"3 

114 

114 

no 

100 

106 

no 

106 

109 

108 

no 

no 

109-3 

no 

III 

"3 

112 

no 

109 

109 

no 

107 

"3 

III 

112 

111-7 

109 

107 

109 

no 

109 

no 

III 

no 

no 

no 

"3 

III 

111*8 

108 

105 

107 

112 

"3 

112 

112 

'in 

112 

"3 

III 

112 

II2-0 

120 

"5 

114 

112 

107 

no 

108 

109 

no 

III 

112 

III 

114*6 

III 

112 

no 

in 

112 

"3 

112 

no 

no 

112 

112 

113 

111*9 

112 

112 

113 

112 

114 

112 

in 

"3 

"3 

114 

"5 

116 

113*4 

108 

107 

107 

107 

no 

112 

"3 

116 

"5 

116 

116 

116 

114*2 

112 

109 

108 

109 

no 

112 

112 

112 

III 

III 

III 

"3 

"3*9 

114 

107 

112 

104 

lOI 

102 

102 

98* 

90* 

77* 

65* 

lOI* 

1097 

I02* 

105 

104 

103 

104 

97* 

87* 

93* 

88» 

84* 

86* 

96* 

967 

98* 

lOO* 

98* 

92* 

92* 

89* 

84* 

8o» 

97* 

98* 

8o» 

94* 

968 

98* 

99* 

100* 

100 

102 

102 

lOI 

102 

104 

103 

102 

102 

loo-o 

no 

'03 

lOI* 

102 

97* 

103 

103 

104 

103 

loo* 

104 

106 

1047 

no 

116 

no 

III 

104 

103 

102 

loo* 

102 

105 

108 

108 

106-7 

112 

III 

107 

103 

105 

104 

106 

108 

106 

106 

107 

107 

107-4 

1095 

109*0 

io8*a 

107*0  105*7 

106*6 

106-9 

io6*7 

107- 1 

107-6 

107*0 

109*1 

109- 16 

112*8 

III-O 

110*8 

io8'9 

io8'9 

109*1 

«09'3 

no*3 

110*2 

iio*9 

iio*7 

110*9 
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U.   S.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES^ 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Loeal  mMm  time.         200  diTitions  pins  Ulmlar  qiumttty,  one  diTidon = 0*000100  in  perto  of  H.    AU 

JUNE,  1885. 
[For  the  explanation  of  these  tables  see  pp.  63,  M.] 


Day. 

Ih 

2h 

3* 

4'' 

5* 

6»» 

7'' 

8»» 

9* 

10^  1 

ih  Noon. 

I 

108 

108 

108 

lor 

108 

no 

109 

108 

109 

n3  1 

[12 

"S 

2 

109 

109 

no 

108 

109 

in 

no 

107 

107 

ni   i 

[20 

117 

3 

no 

112 

Vd 

"3 

"3 

112 

108 

107 

108 

ni   1 

113 

112 

4 

103 

106 

105 

107 

no 

104 

104 

108 

109  1 

[lO 

113 

5 

107 

107 

108 

109 

no 

III 

108 

109 

107 

108  1 

no 

112 

6 

109 

109 

no 

IIO 

no 

112 

iir 

109 

108 

no  1 

ro9 

108 

7 

109 

no 

112 

112 

112 

»I3 

112 

in 

III 

"3  1 

[16 

118 

8 

112 

"3 

112 

112 

"3 

"3 

no 

no 

114 

116  ] 

''2 

119 

9 

"5^ 

116 

"5 

114 

"7 

'17 

"5 

114 

114 

115  I 

[18 

118 

10 

I20* 

121* 

"5 

116 

"7 

116 

"3 

114 

114 

115  ] 

[12 

"3 

II 

"4 

"5 

"4 

116 

"3 

"3 

112 

106 

109 

in  ] 

^15 

"S 

12 

112 

112 

iio 

IIO 

112 

"3 

III 

no 

III 

114  ] 

113 

"3 

»3 

113 

112 

no 

112 

112 

112 

III 

109 

106 

114  ] 

»i5 

IIS 

14 

no 

no 

III 

112 

112 

"3 

III 

109 

no 

109  ] 

'13 

116 

IS 

III 

in 

III 

112 

114 

"5 

112 

108 

102 

lOI   ] 

[06 

108 

16 

109 

109 

109 

IIO 

112 

no 

III 

no 

109 

III   ] 

[12 

112 

17 

106 

107 

107 

108 

108 

109 

109 

107 

106 

106  J 

[II 

"4 

18 

112 

"3 

114 

«I5 

ii6- 

"5 

Vd 

no 

IC^ 

107  ] 

[O6 

105 

'9 

107 

107 

108 

107 

no 

no 

106 

no 

"3  1 

IIS 

"S 

20 

105 

105 

102 

105 

102 

122* 

117 

114 

no 

103   1 

103 

107 

21 

no 

no 

no 

108 

in 

>i3 

III 

109 

108 

108  ] 

[09 

113 

22 

102 

104 

104 

106 

107 

107 

108 

107 

106 

103   1 

[02* 

105 

23 

109 

102 

102 

102 

108 

104 

105 

104 

103 

100*  ] 

[OO* 

I02» 

24 

106 

106 

106 

106 

109 

no 

109 

X09 

no  1 

[lO 

107 

25 

96* 

107 

109 

106 

98* 

98* 

94* 

89* 

88* 

84* 

88« 

92* 

26 

96* 

98* 

99* 

99* 

98* 

97* 

97* 

95* 

97* 

93* 

n* 

96* 

27 

102 

104 

105 

10s 

104 

104 

104 

106 

III 

in   ] 

[08 

105 

28 

107 

107 

108 

108 

108 

108 

108 

'"^5 

105 

107   ] 

[IO 

IIO 

29 

III 

in 

no 

no 

no 

no 

109 

108 

109 

III   ] 

[12 

113 

30 

112 

112 

112 

112 

112 

112 

no 

107 

107 

no  ] 

[11 

III 

Monthly) 
mean  $ 

io8'4 

109*1 

109*1 

109*2 

109*5 

110*6 

109*0 

1074 

107*4 

I08'2  ] 

t09*6 

110*6 

Normal 

io8'9 

109*1 

109*4 

109-5 

110-4 

II 1-2 

IIO'O 

1 085 

108*5 

no*o  ] 

[II-8 

112*2 
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HORIZONTAL  INTBNSITY-'Continiied. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

muflfati  referred  to  ttandArd  tempereture  of  magnet.    Inoreasinf  nombere  indicate  inoreaaing  force.  ] 

JUNE,  1885. 


13" 

I4«» 

i5»» 

i6»> 

i7»» 

i8«» 

19* 

20»» 

2,h 

22* 

23h 

Mid- 
night. 

Daily 
mean. 

;;i 

113   1 

ni 

109 

105 

102 

100 

97#. 

i03 

106 

107 

108 

io8-o<» 

114  : 

[lO 

105 

106 

107 

108 

109 

108 

109 

no 

no 

110*1 

"3 

US     ] 

[16 

"3 

103 

96* 

lOI 

107 

105 

103 

107 

no 

109*2 

"3 

109  1 

to4 

»03 

lOI 

i03 

103 

104 

'03 

105 

107 

106 

io6*2 

"3 

112  ] 

no 

105 

107 

104 

106 

107 

108 

109 

109 

109 

108*5 

108 

108 

107 

107 

106 

107 

109 

>09 

no 

no 

109 

no 

109-0 

116 

"3  1 

[09 

107 

106 

106 

109 

no 

no 

no 

III 

112 

111*2 

"7 

114  ] 

»i3 

no 

no 

107 

106 

109 

108 

no 

112 

114 

112*1 

116 

119  ] 

[16 

113 

n6* 

117* 

114 

"5 

"7* 

116 

"7 

118* 

115*9 

"5 

107  ] 

[II 

no 

107 

106 

108 

109 

no 

no 

"3 

"3 

II27 

116 

n4  1 

no 

106 

107 

108 

107 

104 

104 

"3 

106 

107 

IIO-6  ■ 

115 

118  ] 

IIS 

III 

109 

106 

107 

109 

109 

no 

III 

"3 

111*4 

118 

n6  1 

ni 

106 

106 

106 

105 

108 

108 

109 

III 

no 

110*6 

"7 

116  ] 

[16 

112 

112 

no 

no 

109 

[04 

106 

III 

109 

II 1-2 

"3 

115  ] 

[II 

106 

lOI 

104 

104 

105 

107 

107 

106 

106 

108-2 

108 

107  ] 

[06 

104 

103 

los 

106 

107 

108 

105 

105 

106 

108*  I 

112 

no  ] 

[07 

109 

108 

109 

108 

108 

no 

no 

III 

III 

108*8 

104 

loo*  1 

[02 

104 

102 

105 

106 

«o3 

102 

109 

108 

105 

1076 

"3 

112  1 

[08 

106 

108 

no 

no 

III 

n2 

112 

III 

102 

109*6 

no 

107  1 

[06 

106 

103 

102 

102 

104 

'05 

no 

108 

no 

107*0 

"5 

"5  I 

ii3 

109 

no 

105 

106 

107 

104 

104 

102 

104 

108*9 

105 

99* 

99* 

95*. 

92* 

96* 

lOI 

104 

104 

105 

108 

108 

103*2 

105 

108  1 

[fO 

108 

107 

104 

105 

los 

107 

106 

107 

107 

104*8 

107 

107  ] 

[26* 

118* 

99 

99 

97 

97* 

93* 

93* 

97* 

105 

105*6 

83* 

87* 

91* 

88* 

82* 

8i* 

81* 

8i* 

89* 

87* 

lOI 

92* 

91-3 

96* 

96* 

93* 

93* 

94* 

95* 

98 

100 

102 

102 

lOI 

102 

97*1 

105 

106  1 

105 

105 

106 

106 

106 

no 

106 

105 

107 

107 

1060 

no 

III   1 

[I2 

III 

109 

109 

no 

ni 

no 

III 

III 

III 

109*0 

no 

108  ] 

[06 

109 

no 

109 

106 

109 

no 

no 

III 

112 

1098 

"3 

116  ] 

[I4 

112 

112 

112 

113 

114 

113 

114 

"3 

"3 

1 1 2-0 

IIO-6 

1097  ] 

[089 

1067 

104-9 

1045 

105-1 

1061 

106-3 

107-2 

108-3 

108-3 

108-12 

II2-I 

in--9  1 

[lO-O 

107*9 

1063 

io6'0 

105*9  1 

IC77  J 

107-0 

108-4 

108-7 

108*6 
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U  8.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  dirisioiu  plus  tabalar  quantity,  one  diriaion =0*000109  in  parte  of  H.    All 

JULY,  1885. 
[For  the  explanation  of  the^e  tables,  see  pp.  53, 54.] 


Day. 

!»» 

2h 

3'» 

4»» 

S'' 

6»» 

7»» 

8h 

9h 

IO*> 

I|h 

Moon. 

I 

116 

116 

"5 

"5. 

114 

119 

114 

99 

103 

[102]  [ 

lOl] 

99# 
108 

2 

109 

108 

108 

108 

108 

109 

107 

104 

too 

105 

no 

3 

109 

109 

no 

in 

112 

112 

III 

loq 

105 

106 

no 

114 

4 

119 

118 

119* 

119 

116 

115 

116 

III 

108 

109 

109 

109 

5 

119 

117 

117 

119 

117 

119 

114 

112 

114 

III 

112 

116 

6 

1 10 

108 

109 

109 

112 

112 

no 

105 

104 

106 

109 

III 

7 

108 

no 

108 

108 

no 

114 

109 

108 

106 

104 

108 

109 

8 

107 

107 

109 

109 

III 

no 

no  [ 

109] 

no 

107 

no 

no 

9 

"5 

114 

"4 

114 

"5 

"7 

"5 

"3 

III 

107 

108 

III 

10 

110 

no 

III 

III 

III 

III 

106 

103 

104 

106 

106 

107 

II 

"5 

"5 

121* 

114 

114 

"4 

109 

103 

106 

112 

III 

109 

12 

III 

no 

112 

III 

112 

III 

109 

102 

102 

no 

114 

"5 

13 

109 

no 

no 

no 

109 

III 

no 

no 

III 

112 

112 

112 

H 

112 

no 

no 

109 

no 

III 

109 

109 

106 

104 

102 

107 

15 

109 

no 

in 

"3 

"5 

"5 

116 

III 

los 

106 

106 

108 

16 

112 

in 

no 

no 

109 

109 

108 

107 

109 

ii6» 

124* 

I20» 

17 

no 

III 

112 

"3 

112 

112 

III 

III 

no 

109 

no 

121* 

18 

109 

112 

108 

118 

III 

108 

107 

105 

102 

97* 

95* 

98* 

19 

109 

112 

107 

109 

108 

109 

107 

104 

102 

99 

102 

io6 

20 

109 

109 

108 

108 

108 

III 

109 

104 

102 

102 

'03 

104 

21 

108 

108 

109 

no 

no 

no 

107 

102 

103 

108 

109 

108 

22 

no 

ni 

109 

108 

108 

109 

108 

104 

102 

108 

no 

112 

23 

109 

no 

109 

109 

108 

108 

106 

104 

104 

104 

106 

K>7 

24 

108 

108 

108 

109 

no 

112 

112 

109 

in 

116* 

117 

112 

25 

114 

103 

105 

106 

106 

109 

103 

100 

105 

III 

no 

108 

26 

107 

107 

108 

107 

107 

los 

102 

98 

99 

102 

104 

106 

27 

108 

108 

109 

109 

no 

112 

III 

106 

102 

107 

109 

no 

28 

no 

106 

107 

106 

112 

109 

108 

108 

104 

106 

112 

112 

29 

109 

108 

109 

109 

no 

no 

109 

107 

103 

102 

108 

116 

30 

106 

106 

106 

107 

108 

107 

106 

103 

104 

106 

no 

112 

31 

108 

108 

109 

109 

no 

III 

109 

lOI 

106 

112 

"3 

"7 

Monthly^ 
mean  S 

1 10*4 

IIO'O 

IIO'2 

iiO'S 

1107 

I1I-3 

1093 

1058 

1053 

1068 

1087 

iio-i 

Normal. 

iio*4 

IIO'O 

109-6 

iio*5 

1107 

I1I-3 

109-3 

105-8 

«o5*3 

106-5 

108-7 

110-2 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic.  Observatory. 

raadingM  rafiemd  to  standard  tempemture  of  magnet.    IncroMlng  nomben  indicate  inoToaaing  force.] 

JULY,   1885. 


I3h      i4h      15I 


i6*»      ly'*      iS**  I9*>      26»>      2i>» 


22h      23*» 


Mid- 
night. 


104 

104 

104 

103 

102   ] 

[OI 

102 

103 

103 

106 

108 

107 

107 

108  1 

[08 

108 

108 

109 

"5 

114 

115 

114 

116*  ] 

ii5» 

no 

III 

112 

110 

112 

112 

no 

108  ] 

[II 

114 

115 

i^ 

112 

108 

102 

103 

100 

[04 

102 

97* 

95* 

108 

103 

lOI 

100 

97   1 

[OI 

104 

104 

107 

no 

III 

109 

106 

105   ] 

106 

106 

104 

106 

112 

"3 

no 

106 

109  1 

[08 

no 

III 

III 

112 

113 

"3 

III 

108  ] 

[lO 

114 

114 

112 

III 

112 

III 

109 

109   ] 

[07 

107 

III 

no 

109 

109 

109 

103 

105   ] 

[05 

108 

109 

109 

115 

114 

109  - 

106 

105   ] 

[06 

103 

103 

101 

III 

109 

109 

106 

104 

[07 

no 

109 

109 

no 

114 

114 

III 

108  J 

[07 

108 

108 

107 

106 

107 

107 

107 

106  ] 

107 

108  « 

106 

105 

117 

117 

"5 

109 

105   1 

[08 

109 

no 

no 

130* 

135* 

"3 

"3 

117* 

100 

109 

III 

109 

104 

107 

109 

104 

103 

[06 

102 

106 

108 

114 

"3 

III 

109 

105 

[05 

105 

104 

105 

103 

105 

105 

103 

106  ] 

107 

106 

108 

106 

105 

106 

los 

lOI 

102 

105 

107 

108 

107 

107 

106 

102 

101 

102 

104 

107 

107 

106 

106 

107 

107 

108 

no 

[09 

108 

108 

108 

no 

los 

106 

106 

105 

99 

100 

98 

99  . 

106 

102 

95* 

99 

95* 

96 

103 

103 

102 

106 

105 

lOI 

96* 

97 

99 

102 

lOI 

104 

III 

107 

104 

109 

no 

105 

103 

102 

105 

no 

108 

104 

101 

99 

[OI 

105 

107 

107 

116 

118 

106 

«03 

96 

95* 

95* 

94* 

lOI 

114 

"5 

112 

106 

104 

103 

105 

106 

105 

124* 

I23« 

119* 

"3 

112 

108 

108 

105 

98 

IIO-8 

iio*6 

1079 

105*9  105*1 

104*8 

io6'i 

106*2 

106*0 

1097 

1094 

108-0 

106*2 

104*6 

104*8 

io6*5 

1069 

io6*4 

04 
08 

12 

17* 
03 

08 
04 
12 

13 
12 

II 
04 
09 
08 
08 

II 

08 
08 
06 
06 

08 

07 
09 

06* 

06 

02 
06 
06 

03 
06 

00 


074 
07*1 


04 
08 
16 

14 
07 

07 

03 

13 
09 

13 

09 
08 
09 
09 
10 

09 

07 
09 

08 

06 

09 
08 
10 
08 
06 

03 
06 

06 

05 
07 

07 


o8*2 
o8*2 


06 
08 
16 

17 
06 

08 

12 

14 
10 

14 

12 

08 
10 
09 
10 

09 
07 
10 

08 
09 

09 
09 
09 
II 

07 

07 
12 

08 

04 

07 
08 


09*5 
095 


Daily 
mean. 


o6*4<» 

074 

ir8 

»3'4 
094 

06*4 

077 
09*9 

12*2 

093 

100 
o8*4 
095 
088 
o8*8 

II-4 

12*5 

06' I 
07-0 
06' I 

068 
o6*9 
07*6 

077 
04*2 

03*1 
075 

068 

057 
07*1 

099 


0825 


182 


U   S.    COAST   AND   GKODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traven  of  the  bifilar 

[Local  mean  time.         200  divUionA  plua  tabular  qnautity,  ou4»  divUion  =.  0-0UU109  iu  parta  of  H.    AU 

AUGUST,  1885. 
[For  the  explanatluu  of  lLeii«  tabled  8oe  pp.  53, 54.  | 


Day. 

fh 

2I1 

no 

4'' 
III 

5»» 
109 

6h 

108 

7b 
no 

8»' 
107 

9b 
103 

10'' 
102 

ii»  I 
104 

Miwn. 

I 

IIS* 

ii7» 

107 

2 

97 

106 

105 

107 

106 

105 

104 

98 

98 

lOI 

107 

107 

3 

102 

104 

105 

107 

106 

107 

105 

103 

104 

107 

109 

in 

4 

105 

«o5 

105 

106 

106 

103 

too 

97 

100 

108 

III* 

109 

5 

108 

105 

105 

105 

106 

106 

107 

103 

104 

100 

98 

102 

6 

108 

107 

108 

107 

108 

107 

107 

104 

102 

102 

102 

103 

7 

99 

114* 

104 

102 

104 

103 

100 

102 

III* 

114* 

loS 

106 

8 

ro6 

'03 

103 

102 

105 

103 

102 

98 

97 

98 

98 

98 

9 

105 

107 

106 

106 

106 

105 

102 

98 

lOI 

105 

108 

108 

10 

no 

105 

102 

«o3 

»o5 

104 

104 

105 

105 

104 

103 

101 

II 

106 

107 

106 

106 

107 

no 

107 

109* 

113* 

114* 

114* 

113* 

12 

107 

106 

102 

106 

107 

109 

106 

102 

101 

lOI 

100 

9» 

»3 

106 

106 

106 

105 

105 

106 

los 

99 

101 

104 

106 

no 

14 

107 

no 

108 

109 

108 

109 

107 

102 

lOI 

too 

100 

104 

»5 

102 

104 

104 

105 

1051 

106 

106 

102 

98 

99 

101 

105 

16 

102 

104 

99 

105 

106 

105 

"03 

100 

too 

100 

98 

98 

17 

103 

104 

105 

105 

104 

104 

100 

96 

96 

97 

99 

102 

18 

105 

105 

105 

105 

105 

105 

103 

97 

95 

95 

99 

104 

«9 

106 

104 

106 

104 

105 

106 

104 

102 

99 

99 

100 

106 

20 

103 

104 

104 

105 

105 

106 

102 

99 

««3 

108 

108 

III 

21 

104 

101 

102 

lOI 

102 

104 

100 

lOI 

102 

100 

101 

lOI 

22 

100 

102 

101 

102 

102 

102 

99 

95 

92 

96 

99 

100 

23 

102 

103 

103 

103 

102 

102 

98 

96 

98 

100 

100 

100 

24 

103 

lOI 

102 

102 

102 

102 

98 

92 

93 

94 

96 

lOI 

25 

104 

103 

101 

103 

102 

102 

99 

94 

99 

lOI 

103 

106 

26 

99 

99 

97 

104 

100 

102 

98 

94 

90 

94 

96 

97 

27 

104 

«03 

105 

105 

106 

105 

102 

98 

95 

99 

101 

102 

28 

102 

100 

lOI 

102 

109 

100 

102 

95 

95 

90* 

89* 

88* 

29 

93* 

94* 

93* 

97 

99 

100 

98 

95 

86* 

92 

92* 

89* 

30 

100 

97 

98 

99 

99 

99 

94 

92 

94 

99 

98 

99 

31 

Monthly? 
mean  S 

lOI 

100 

100 

99 

100 

100 
1044 

97 

94 

91 

86* 

89* 

93* 

1037 

104*2 

^^VS 

104*  I 

1045 

I02'2 

990 

989 

1003 

ior2 

I02*6 

Normal 

1037 

1038 

1036 

1041 

1045 

1044 

I02*2 

987 

985 

IOO-2 

ior6 

103-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  L09  Angeles  Magnetic  Ohaervatory. 

ZttadiBgs  roforred  to  staudiird  temperature  of  magnet.    Inoreashig  nambent  indicate  increasing  force.] 

AUGUST,  1885. 


I2f^ 

M"* 

i5»» 

i6i> 

l^^ 

l8h 

I9*»  : 

20»» 

2ll» 

22»> 

23I1 

Mid- 
night. 

Daily 
mean. 

106 

103 

103 

93 

90* 

89* 

83* 

91* 

98 

97 

los 

102 

102*6* 

lOI 

102 

99 

lOI 

lOI 

100 

97 

98 

lOI 

99 

109 

105 

I02*3 

106 

103 

104 

103 

lOI 

lOI 

98 

lOI 

100 

100 

104 

102 

103*9 

108 

104 

99 

100 

lOI 

lOI 

98 

102 

lOI 

105 

lOI 

105 

103-3 

105 

106 

106 

106 

lOI 

102 

104 

104 

106 

105 

103 

107 

104-3 

lOI 

102 

105 

114* 

103 

104 

102 

102 

105 

95 

103 

105 

104-4 

104 

104 

94 

86* 

85* 

95 

100 

102 

1 01 

99 

99 

95 

ioi*3 

lOI 

98 

104 

100 

100 

101 

lOI 

100 

98 

100 

104 

106 

lOI'I 

110 

III 

109 

106 

97 

97 

lOI 

102 

los 

104 

104 

105 

1045 

lOI 

lOI 

104 

104 

104 

103 

104 

105 

104 

106 

107 

107 

104-2 

III 

105 

104 

105 

los 

104 

102 

104 

104 

104 

107 

107 

107*3 

100 

104 

105 

104 

103 

102 

103 

103 

104 

104 

104 

105 

103-6 

no 

106 

103 

102 

103 

105 

107 

108 

108 

108 

108 

109 

1057 

108 

106 

106 

104 

105 

108 

X07 

108 

105 

101 

99 

99 

105-0 

107 

III 

109 

108 

los 

107 

109 

no 

108 

II2» 

112* 

114* 

106*2 

100 

lOI 

III 

100 

99 

99 

103 

103 

103 

103 

103 

104 

102*0 

X08 

no 

109 

107 

104 

104 

106 

106 

105 

105 

106 

106 

1038 

106 

108 

107 

104 

102 

104 

105 

104 

105 

103 

106 

105 

103*4 

108 

108 

106 

105 

102 

90» 

96 

101 

100 

99 

102 

lOI 

102*5 

los 

105 

99 

100 

100 

93 

96 

103 

99 

97 

lOI 

106 

102*6 

100 

102 

lOI 

98 

97 

96 

97 

100 

100 

100 

104 

99 

100*5 

100 

99 

100 

93 

95 

98 

lOI 

lOI 

102 

103 

102 

102 

99*4 

99 

?! 

98 

99 

100 

102 

103 

103 

102 

102 

99 

lOI 

100*5 

106 

106 

104 

lOI 

100 

lOI 

102 

lOI 

103 

104 

104 

104 

100*9 

106 

104 

99 

98 

98 

95 

95 

97 

99 

99 

100 

100 

100*3 

96 

99 

98 

97 

95 

97 

94 

98 

99 

lOI 

102 

102 

97-8 

V 

104 

95 

96 

98 

94 

98 

IT* 

92* 

96 

94 

"3* 

99-8 

S6» 

90* 

94 

84* 

88* 

96 

87* 

77* 

8o* 

95 

91* 

92*6 

95 

92* 

93 

91* 

91 

92 

88* 

90* 

93 

88» 

94 

96 

930 

94* 

95 

97 

97 

93 

92 

95 

98 

99 

98 

100 

99 

96*9 

• 

96 

99 

97 

92 

95 

97 

98 

100 

99 

100 

98 

lOI 

96*7 

I02*6 

I02-8 

102*0 

99.9 

98*7 

990 

99*4  ] 

[Oo*6 

100*8 

100*5 

I02*5 

1033 

101*69 

1035 

1036 

102*0 

IOO-8 

99.9 

997 

I0O-8  ] 

I02'4 

ioi*9 

1013 

I02*2 

1030 
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U   S.   COAST   AND   GEODETIC    HURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[tiocal  mean  time.  :iOO  divLiionH  plus  tabular  quautity,  one  division  =  0-000100  in  partM  of  H.    All 

SEPTEMBER,  1885. 
[For  the  explanation  of  theee  tables  see  pp.  6S,  5i.] 


Day. 

i«» 

2«» 

3'» 

4*' 

5»» 

6* 

yb 

^ 

9^ 

lOh 

ii«» 

NOOIL 

I 

99 

104 

100 

102 

100 

102 

99 

98 

96 

97 

96 

94 

2 

99 

106 

100 

99 

100 

102 

100 

94 

94 

97 

100 

99 

3 

95 

96 

94 

97 

97 

98 

96 

92 

92 

96 

100 

lOI 

4 

97 

103 

100 

96 

101 

los 

105 

104 

98 

91 

95 

89 

5 

102 

96 

96 

99 

94 

95 

94 

91 

94 

98 

95 

96 

6 

105 

98 

97 

100 

96 

98 

95 

91 

92 

95 

93 

90 

7 

103 

102 

lOI 

103 

102 

102 

98 

96 

98 

98 

lOI 

99 

8 

lOI 

100 

lOI 

104 

105 

104 

97 

97 

95 

90 

92 

92 

9 

100 

lOI 

lOI 

100 

lOI 

102 

100 

98 

98 

99 

100 

100 

10 

105 

100 

102 

102 

103 

103 

98 

93 

89 

87 

90 

93 

II 

104 

103 

102 

102 

104 

106 

103 

97 

91 

88 

90 

92 

12 

104 

103 

104 

103 

104 

103 

99 

95 

9> 

89 

90 

92 

13 

103 

103 

102 

103 

103 

103 

100 

98 

96 

98 

98 

96 

H 

102 

•^ 

104 

104 

los 

104 

105 

104 

100 

102 

ios« 

105* 

15 

99 

105 

104 

lOI 

107 

107 

100 

95 

93 

87 

84* 

16 

86« 

87* 

88« 

91 

96 

102 

97 

95 

90 

86 

8i» 

78* 

17 

97 

94 

95 

96 

97 

99 

96 

94 

94 

92 

90 

88 

18 

96 

103 

100 

99 

lOI 

99 

99 

97 

96 

94 

90 

92 

>9 

95 

^Z 

^ 

98 

99 

99 

98 

96 

93 

90 

94 

96 

20 

96 

98 

98 

99 

ICX> 

99 

96 

92 

91 

90 

91 

92 

21 

100 

102 

'^3 

103 

104 

103 

100 

97 

98 

97 

96 

96 

22 

97 

97 

98 

lOI 

102 

102 

98 

92 

96 

99 

92 

88 

23 

90 

106 

lOI 

96 

98 

98 

95 

100 

98 

94 

89 

s' 

24 

98 

98 

99 

99 

99 

97 

95 

93 

93 

95 

95 

25 

93 

94 

100 

99 

99 

99 

• 

96 

92 

88 

90 

90 

92 

26 

98 

98 

97 

98 

100 

98 

98 

96 

94 

94 

95 

95 

27 

108 

98 

94 

95 

96 

98 

97 

94 

87 

85 

87 

87 

28 

93 

93 

94 

^S 

96 

96 

94 

91 

88 

90 

92 

91 

29 

96 

97 

97 

98 

97 

97 

96 

94 

92 

94 

94 

94 

30 

98 

97 

98 

104 

96 

96 

96 

93 

91 

90 

96 

97 

Monthly) 
mean  1 

986 

992 

990 

996 

999  loo-s 

98*2 

955 

93-6 

93-3 

935 

929 

Normal 

991 

996 

99*4 

996 

99.9 

loo'S 

982 

95-5 

93-6 

93*3 

935 

937 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  foroe.] 

SEPTEMBER,  1885. 


i3»» 

14^ 

15^ 

l6h 

17^^ 

iS^ 

igifc 

2C>" 

2lb 

22*> 

23b 

Mid- 
nig;ht. 

Daily 
mean. 

97 

98 

98 

99 

9? 

lOI 

102 

98 

99 

95 

100 

98 

987** 

98 

99 

98 

98 

98 

100 

103 

102 

102 

103 

98 

100 

99*5 

104* 

102 

102 

lOI 

98 

92 

96 

93 

85* 

89 

94 

90 

96*1 

93 

90 

90 

72» 

87* 

83* 

85* 

82* 

95 

96 

98 

109 

943 

96 

.96 

.96 

104 

102 

99 

98 

99 

99 

99 

100 

los 

976 

90 

90 

93 

98 

97 

lOI 

lOI 

102 

lOI 

99 

99 

103 

968 

100 

103 

104 

105 

lOI 

105 

102 

lOI 

lOI 

lOI 

lOI 

100 

lOI'I 

91 

92 

93 

91 

94 

H 

95 

94 

^ 

96 

99 

98 

964 

lOI 

104 

104 

100 

97 

98 

99 

103 

98 

100 

101 

104 

ioo'4 

97 

lOI 

104 

104 

103 

103 

103 

102 

102 

103 

103 

102 

997 

94 

100 

103 

104 

102 

100 

1  99 

100 

lOI 

lOI 

103 

103 

997 

97 

io6* 

105 

99 

100 

102 

102 

102 

102 

103 

102 

102 

1000 

97 

100 

103 

104 

104 

104 

104 

104 

lOI 

lOI 

lOI 

102 

101-2 

102 

104 

lOI 

98 

98 

93 

98 

98 

96 

97 

100 

98 

lOI-I 

86 

90 

88» 

92 

ss* 

84* 

79* 

99 

84* 

95 

74* 

85* 

925 

84* 

92 

94 

88* 

85* 

93 

95 

96 

97 

98 

96 

94 

91*2 

90 

92 

92 

92 

94 

95 

97 

99 

97 

92 

94 

lOI 

94*5 

97 

99 

^ 

93 

96 

98 

99 

99 

97 

98 

94 

94 

970 

98 

97 

98 

94 

98 

95 

95 

98 

98 

97 

96 

94 

963 

93 

95 

95 

93 

97 

99 

98 

98 

98 

98 

96 

98 

95-8 

97 

99 

100 

lOI 

103 

lOI 

100 

99 

90 

89 

93 

97 

987 

90 

93 

93 

96 

93 

92 

90 

82* 

89 

90 

97 

89 

940 

86 

89 

8o» 

83^ 

8o* 

87* 

92 

93 

94 

94 

96 

97 

925 

96 

96 

94 

92 

91 

84* 

92 

86» 

85* 

87 

88 

90 

933 

95 

.96 

95 

96 

95 

94 

91 

93 

93 

94 

91 

96 

94-2 

^ 

93 

94 

96 

96 

98 

97 

95 

94 

92 

94  ' 

98 

95*9 

86 

85* 

87* 

86» 

88* 

88» 

84* 

86» 

89 

93 

93 

92 

91-0 

87 

9« 

95 

92 

93 

94 

94 

93 

94 

94 

95 

95 

929 

96 

96 

94 

95 

95 

94 

92 

95 

92 

95 

94 

94 

949 

96 

95 

97 

97 

97 

96 

92 

88* 

92 

92 

96 

95 

95-2 

94*3 

96-1 

96-3 

95*4 

955 

957 

95-8 

96*0 

95*4 

96*0 

96*2 

976 

9642 

94*3 

96-1 

97-5 

97-5 

976 

97-8 

97*3 

98-2 

966 

96*0 

970 

977 
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U  8.  COAST  AND  GEODETIC  SURVEY. 


[Local  meaa  time. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

aOO divisions  plus  tabaUr quantity,  one  diviaion  —  0000109  in  parte  of  U.    All 

OCTOBER,  1885. 
[Tor  the  explanation  of  thefte  tables  see  pp.  58,  54.] 


Day. 

l^ 

2h 

3»» 

4^ 

5'* 

6»» 

7»» 

8»» 

9i» 

lof 

ii** 

Noon. 

I 

98 

98 

100 

99 

99 

97 

94 

93 

91 

91 

91 

90 

2 

97 

91 

94 

98 

97 

97 

96 

94 

94 

93 

93 

U 

3 

94 

97 

98 

102 

lOI 

102 

99 

97 

95 

94 

90 

4 

95 

96 

97 

97 

97 

96 

94 

92 

93 

94 

97 

97 

5 

99 

99 

100 

100 

102 

100 

98 

96 

93 

95 

95. 

97 

6 

^ 

98 

99 

99 

98 

98 

96 

94 

94 

96 

97 

100 

7 

98 

97 

96 

100 

98 

lOI 

100 

97 

94 

92 

95 

94 

8 

99 

99 

98 

97 

97 

98 

94 

92 

90 

93 

96 

98 

9 

9> 

93 

94 

94 

97 

96 

97 

91 

95 

96 

I02* 

104* 

10 

99 

100 

100 

99 

99 

99 

96 

92 

89 

91 

94 

98 

II 

97 

98 

98 

97 

97 

98 

99 

96 

92 

93 

95 

94 

12 

93 

95 

97 

100 

98 

97 

97 

94 

91 

86 

91 

92 

13 

lOI 

io6* 

98 

96 

98 

lOI 

lOI 

94 

90 

87 

87 

91 

14 

90 

93 

98 

^l 

95 

100 

96 

96 

9« 

90 

90 

90 

>5  . 

92 

90 

94 

96 

97 

96 

96 

93 

91 

90 

86 

88 

16 

89 

91 

94 

95 

94 

99 

96 

92 

89 

91 

91 

91 

17 

97 

98 

97 

97 

98 

99 

98 

96 

94 

94 

94 

94 

18 

99 

98 

100 

96 

96 

98 

96 

92 

90 

9« 

91 

90 

19 

^ 

100 

98 

99 

100 

99 

100 

100 

98 

95 

96 

98 

20 

98 

98 

99 

98 

99 

99 

97 

95 

92 

93 

94 

95 

21 

98 

98 

99 

98 

98 

98 

96 

91 

87 

86 

91 

95 

22 

92 

95 

98 

99 

lOI 

99 

100 

92 

89 

91 

94 

94 

23 

96 

98 

93 

93 

93 

93 

91 

87 

87 

88 

90 

92 

24 

93 

95 

96 

96 

96 

94 

^ 

92 

92 

95 

95 

95 

25 

95 

91 

92 

94 

96 

94 

96 

93 

91 

90 

88 

91 

26 

93 

93 

95 

96 

96 

96 

91 

92 

90 

91 

9« 

93 

27 

95 

103 

97 

97 

99 

lOl 

98 

94 

89 

92 

93 

93 

28 

100 

98 

ic»  • 

lOI 

100 

lOI 

104 

^ 

96 

91 

89 

91 

29 

94 

94 

94 

94 

95 

95 

98 

98 

92 

92 

93 

94 

30 

92 

96 

99 

103 

'03 

99 

lOI 

99 

95 

93 

92 

94 

31 

94 

94 

94 

96 

99 

95 

97 

92 

92 

93 

94 

91 

Monthly? 
mean  y 

95-5 

965 

970 

97-5 

97-8 

979 

97-1 

94-0 

918 

918 

927 

937 

Normal 

955 

961 

970 

97-5 

97-8 

979 

971 

940 

91-8 

91-8 

924 

934 
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HORIZONTAL  INTENSITY— Continued. 

fnoffnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

nadings  refamd  to  standard  temperaturb  of  magnet.    Increaaing  nooiberA  Indicate  increaaing  force.] 

OCTOBER,  1885. 


I3»» 

14^ 

iS^ 

i6»» 

lyh 

i8»» 

19"^ 

20** 

2I*» 

22*» 

23h 

Mid- 
night. 

Daily 
mean. 

95 

96 

96 

98 

94 

96 

98 

98 

100 

96 

93 

92 

95.5  d 

95 

96 

96 

92 

92 

93 

95 

98 

94 

93 

95 

95 

94-6 

88 

91 

93 

96 

96. 

98 

98 

97 

97 

95 

96 

95 

957 

97 

99 

100 

102 

102 

102 

101 

lOI 

100 

100 

99 

99 

97-8 

100 

99 

97 

97 

98 

97 

96 

97 

97 

97 

98 

97 

977 

100 

lOI 

98 

97 

97 

99 

100 

100 

99 

97 

97 

100 

98-0 

94 

96 

96 

97 

97 

97 

96 

97 

98 

98 

98 

99 

969 

100 

lOI 

100 

lOI 

97 

94 

77* 

92 

93 

92 

90 

90 

949 

103 

103 

101 

92 

94 

97 

98 

98 

98 

99 

99 

98 

97-1 

99 

100 

100 

100 

99 

100 

100 

97 

97 

95 

97 

96 

97*3 

94 

97 

97 

89 

84* 

87 

90 

93 

93 

90 

91 

91 

93-8 

91 

90 

90 

96 

94 

93 

94 

95 

96 

96 

92 

96  • 

93*9 

92 

96 

95 

95 

9C» 

96 

96 

94 

92 

91 

95 

89 

94*9 

93 

93 

90 

93 

94 

93 

94 

94 

91 

88 

93 

105* 

93*6 

93 

95 

92 

91 

86» 

85* 

85* 

84* 

83* 

85* 

94 

97 

908 

92 

93 

96 

97 

97 

96 

97 

100 

99 

98 

97 

97 

94-6 

94 

95 

94 

98 

100 

99 

100 

100 

99 

100 

100 

97 

97-2 

87 

88 

92 

89 

93 

94 

96 

96 

99 

99 

98 

97 

94-4 

94 

95 

93 

94 

95 

97 

98 

94 

96 

96 

98 

98 

970 

96 

98 

98 

99 

100 

99 

99 

99 

98 

99 

98 

98 

97  4 

99 

100 

100 

lOI 

104 

105* 

105* 

io6» 

105* 

102 

100 

97 

983 

94 

92 

P 

93 

94 

90 

92 

91 

94 

94 

97 

97 

94-5 

90 

92 

89 

91 

92 

93 

94 

95 

96 

95 

94 

93 

923 

93 

94 

96 

93 

95 

96 

94 

93 

94 

95 

94 

95 

94*5 

95 

96 

96 

96 

96 

96 

93 

94 

92 

93 

92 

93 

93*5 

97 

96 

98 

96 

96 

96 

95 

95 

95 

94 

98 

96 

947 

96 

93 

93 

93 

98 

93 

90 

86» 

88 

92 

96 

99 

94*5 

96 

95 

95 

99 

100 

90 

94 

89 

87 

9" 

92 

95*7 

96 

94 

97 

97 

97 

96 

93 

95 

91 

87 

87 

92 

940 

91 

90 

92 

92 

94 

93 

85* 

84* 

85* 

88 

91 

92 

93*5 

86 

89 

93 

95 

95 

93 

87 

84* 

89 

88 

90 

92 

92*2 

94*5 

95*3 

95-5 

95*3 

95-6 

95-6 

944 

949 

947 

94-2 

95-1 

95-6 

95-18 

94*5 

95-3 

95*5 

95-3 

96-4 

95-6 

95-3 

96-0 

94*9 

94-5 

951 

95-3 
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U   8.    COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  tJie  photographic  traces  of  the  bifilar 

[Local  mean  tiue.         200  divisions  plus  UboUr  qoaatltj,  ono  diN  iniun   ■:  U-UU0109  in  ]tarU  of  H.    All 

NOVEMBER,  1885. 
[For  the  ezpUuuitioii  of  these  tables  see  pp.  63, 54.] 


Day. 

i«» 

2»» 

3*» 

4»» 

5»» 

0 

7»» 

8«' 

9h 

ioi» 

1 1  »>  Noon. 

I 

96 

97 

98 

99 

98 

100 

96 

9« 

95 

90 

91 

90 

2 

91 

92 

94 

95 

95 

95 

94 

92 

88 

86 

83 

84 

3 

93 

94 

96 

97 

98 

99 

100 

98 

95 

94 

94 

96 

4 

98 

99 

98 

100 

100 

100 

98 

97 

94 

94 

95 

97 

5 

98 

98 

99 

98 

98 

98 

98 

98 

98 

98 

96 

92 

6 

96 

97 

96 

98 

99 

99 

98 

97 

92 

90 

90 

96 

7 

98 

100 

lOI 

102 

lOI 

98 

97 

94 

11 

90 

92 

91 

8 

86 

93 

93 

9« 

92 

93 

91 

90 

88 

88 

89 

91 

9 

94 

95 

95 

96 

97 

98 

96 

93 

89 

84 

86 

87 

10 

89 

88 

92 

97 

98 

94 

92 

90 

87 

88 

85 

8o» 

II 

94 

107* 

100 

91 

95 

96 

100 

91 

84* 

80* 

8i* 

8i« 

12 

90 

89 

90 

90 

90 

91 

92 

91 

89 

8o« 

8i» 

85 

»3 

91 

93 

95 

94 

93 

94 

95 

94 

92 

90 

87 

88 

14 

94 

94 

95 

97 

96 

94 

^l 

91 

91 

90 

89 

91 

15 

95 

95 

95 

95 

96 

96 

98 

97 

96 

93 

92 

92 

16 

97 

98 

98 

98 

100 

100 

99 

97 

95 

92 

90 

90 

17 

97 

98 

96 

97 

97 

98 

99 

99 

96 

93 

93 

93 

18 

98 

99 

99 

io8* 

106 

103 

104 

lOI 

100 

95 

84 

7S« 

19 

89 

89 

94 

94 

93 

94 

95 

99 

93 

94 

9« 

88 

20 

9' 

92 

92 

94 

94 

95 

95 

96 

93 

90 

92 

92 

21 

95 

96 

94 

95 

96 

96 

97 

97 

94 

90 

9« 

94 

22 

94 

98 

100 

98 

98 

97 

98 

94 

93 

92 

94 

95 

23 

98 

95 

95 

95 

96 

97 

98 

97 

94 

9» 

90 

89 

24 

96 

99 

96 

97 

^ 

98 

99 

99 

99 

98 

96 

95 

25 

92 

94 

94 

96 

98 

98 

97 

96 

94 

92 

93 

92 

26 

105* 

95 

96 

98 

96 

98 

100 

102 

102 

I02« 

100 

98 

27 

95 

96 

96 

97 

96 

96 

96 

98 

96 

96 

94 

92 

28 

96 

96 

97 

100 

103 

100 

102 

104 

«03 

100 

97 

95 

29 

99 

^ 

99 

100 

IC» 

lOI 

102 

105 

107* 

104* 

I02* 

100 

30 

98 

98 

99 

100 

100 

100 

100 

lOI 

102 

100 

96 

95 

Monthly^ 
mean  K 

94-8 

95-8 

96-1 

969 

97-2 

97-2 

97*3 

96-3 

94-4 

92-1 

91*1 

909 

0 

Normal 

94*4 

95*4 

96*1 

96-5 

972 

97*2 

97-3 

963 

94*3 

92*1 

914 

92- 1 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

Twdings  reforred  to  staDdard  tflmpenture  of  magnet.    IncreasiQg  numbers  indicate-increaging  force.] 

NOVEMBER,  1885. 


,3b 

I4»» 

I5»» 

leh 

n^ 

i2^ 

I9h 

20*» 

2I»4 

22^ 

23k 

Mid- 
night. 

DaUy 
mean. 

90 

89 

91 

93 

93 

9J 

93 

93 

93 

92 

93 

91 

93*6* 

8s 

87 

93 

96 

98 

98 

98 

97 

95 

92 

89 

92 

92*0 

96 

96 

97 

99 

100 

100 

100 

100 

100 

99 

99 

99 

97*5 

99 

99 

100 

100 

99 

100 

100 

99 

99 

100 

98 

98 

984 

93 

94 

95 

91 

94 

98 

99 

97 

97 

96 

95 

96 

964 

96 

97 

99 

99 

98 

98 

97 

97 

97 

97 

97 

99 

966 

87 

88 

88 

86 

87 

83* 

85* 

78» 

8o» 

79* 

8o* 

83* 

90^ 

9> 

89 

92 

95 

94 

92 

92 

93 

93 

94 

94 

95 
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DIFFERENTIAL.  UBASURBS— 
Hourlg  readinga/rom  the  photographic  traces  of  the  biflUtr 
KMdlTiaiwupltuMlMlarqiuiititir.aiiadivlilaa^^o-MMlMispwtaofH.    All 
DECEMBER,  1885. 
[For  Ihe  aipUnBtlDn  of  thess  Ubls*  ue  pp.  ta,  H.) 
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HORIZONTAL  INTENSITY—Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readingB  raftrred  to  stan^jud  temperature  of  magnet.    Inoreaeing  numbers  indicate  increasing  force.] 

DECEMBER,  1885. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angelen  Magnetic  Observatory, 

readings  referred  to  standard  temperatare  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

JANUARY,  1886. 
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U.   S.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  trm^es  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabalar  quantity,  one  division .-  OOUOIOO  in  parts  of  H.    All 

FEBRUARY,  1886. 
[For  the  explanation  of  these  tables  see  pp.  53,  54.] 
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93 

93 

9« 

94 

91 

84* 

86 

91 

22 

92 

94 

94 

93 

94 

99 

96 

94 

102 

96 

86 

8o» 

23 

90 

9« 

92 

93 

91 

9" 

92 

92 

92 

92 

90 

88 

24 

93 

94 

94 

95 

95 

95 

100 

100 

98 

99 

lOI 

98 

25 

93 

97 

95 

98 

97 

98 

98 

98 

97 

99 

98 

98 

26 

96 

99 

99 

98 

98 

98 

100 

lOI 

100 

98 

97 

92 

27 

93 

93 

96 

92 

94 

93 

96 

100 

98 

96 

96 

94 

28 

95 

95 

95 

97 

97 

96 

95 

95 

97 

100 

99 

97 

Monthly) 
mean  ( 

915 

925 

934 

937 

941 

94-8 

955 

96-5 

964 

95*2 

93*6 

90-3 

Nonnal 

915 

925 

934 

937 

941 

94-8 

955 

965 

964 

95-6 

93*6 

92-0 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  Btandard  temperature  of  maguet.    increaning  numbers  indicate  increasing  force.] 

FEBRUARY,  1886. 


Ijh   14I 


15' 


i6h   lyh   i8»» 


19' 


2o*>  ai"* 


22»» 


2311 


Mid- 
night. 


Daily 
mean. 


92 

90 

92 

92 

8i» 


96 

86 

9« 

89 
82 


94 

90 

93 
90 

83 


95 
92 

94 

91 
82 


95 

94 

94 

91 
86 


96 

94 

93 
92 

90 


87 

88 

88 

91 

92 

94 

93 

91 

92 

92 

94 

94 

92 

91 

9» 

91 

93 

95 

94 

94 

95 

95 

96 

97 

86 

88 

86 

88 

91 

90 

82 

8o« 

87 

86 

86 

90 

89 

86 

87 

89 

90 

92 

86 

88 

90 

92 

92 

93 

88 

90 

93 

^t 

95 

97 

97 

97 

98 

98 

94 

97 

94 

85 

78* 

77* 

8i» 

79* 

92 

91 

88 

90 

90 

88 

92 

9' 

89 

82 

85 

86 

85 

89 

87 

86 

86 

88 

80* 

84 

87 

91 

91 

90 

89 

87 

85 

86 

89 

90 

82 

79* 

8i» 

86 

86 

78* 

91 

94 

94 

92 

91 

92 

96 

93 

90 

94 

92 

94 

96 

97 

98 

97 

98 

98 

90 

90 

91 

94 

95 

95 

93 

92 

90 

90 

92 

94 

96 

97 

96 

98 

97 

97 

899  895  897 

90-6  903  905 


905   913  91-9 

91-0  917  92*9 


96 

94 

91 
90 

9> 

95 
90 

95 
98 

70* 

91 
92 

93 

97 
98 

75* 
86 

75* 
88 

88 

89 
86 

93 
96 

99 

95 
94 
97 


94 
93 
90 
92 
90 

92 
82* 

95 
96 

70* 

91 
91 
93 
98 

99 

84 

87 
8i» 

86 

86 

89 

87 
94 
96 

98 

95 
94 
95 


92 
95 
92 
96 

90 

91 
88 

94 
95 
71* 

91 
90 

93 
97 
98 

87 

89 

85 
88 

88 

88 

87 
94 
94 
98 

95 
94 
95 


90 

94 

93 

95 
90 

89 
88 

94 

91 
76* 

91 
9' 
92 
95 
98 

8i* 

92 
88 

89 
89 

87 
88 

93 
95 
97 

93 
93 
94 


87 
93 
93 
92 

91 

92 
92 

93 
88 

84 

89 
92 
92 
96 
96 

8o» 

90- 

88 

88 

90 

88 
88 

93 
95 
95 

93 
94 
94 


90-8  90-6  91-2 
92*9  92*2  92*0 


909  909  91-0 
91-9  91-3  91-4 


94-^ 
935 

945 
94-2 
890 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


[Local  mean  time. 


DIFFERENTIAL  MEASURES- 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

200  divlsiont  pluii  tabular  quantity,  one  diTiftion=0-000109  in  part*  of  H.    AH 

MARCH,  i886. 
[For  the  explani^on  of  theee  tables  eee  pp.  53,  54.] 


Day. 
I 

Ih 

2»» 

3'* 

4»» 

5* 

6<» 

7b 

8b 

9'» 

lOh 

Ilh 

Noon. 

9§ 

95 

95 

95 

95 

96 

96 

93 

95 

96 

2^ 

92 

2 

96 

95 

94 

94 

95 

96 

93 

92 

90 

85 

84 

86 

3 

98 

98 

98 

100 

100 

92 

96 

96 

90 

!3 

83 

81 

4 

92 

99 

95 

93 

93 

94 

^ 

91 

9« 

89 

87 

84 

5 

94 

93 

94 

94 

95 

96 

98 

98 

99 

lOO* 

96 

93 

6 

95 

94 

94 

96 

95 

94 

96 

lOI 

100* 

100* 

98* 

96 

7 

91 

94 

93 

92 

99 

96 

93 

95 

89 

90 

86 

87 

8 

9' 

92 

91 

92 

93 

93 

93 

91 

90 

88 

86 

88 

9 

95 

94 

93 

98 

97 

96 

98 

96 

95 

94 

94 

96 

lO 

94 

94 

98 

100 

96 

93 

97 

96 

96 

98 

99* 

99* 

II 

93 

95 

97 

95 

98 

95 

94 

93 

89 

89 

88 

87 

12 

94 

97 

98 

98 

98 

98 

98 

98 

96 

93 

91 

88 

>3 

94 

94 

96 

^ 

97 

97 

96 

94 

94 

95 

96 

93 

'4 

97 

97 

97 

98 

98 

97 

97 

96 

95 

94 

95 

92 

>5 

94 

91 

93 

94 

95 

96 

96 

95 

94 

95 

94 

94 

i6 

99 

94 

93 

92 

96 

92 

94 

96 

92 

89 

84 

86 

17 

89 

92 

93 

92 

93 

95 

95 

94 

90 

88 

85 

82 

i8 

84* 

87 

89 

93 

94 

90 

96 

95 

93 

92 

85 

76* 

19 

87 

87 

I? 

92 

90 

91 

90 

89 

88 

84 

87 

92 

20 

104* 

88 

87 

90 

88 

89 

87 

89 

93 

95 

94 

21 

89 

91 

90 

95 

93 

92 

91 

89 

87 

87 

t 

9« 

22 

88 

89 

96 

95 

91 

90 

90 

86 

82 

81 

80 

23 

95 

95 

96 

97 

97 

94 

94 

88 

88 

83 

80 

81 

24 

90 

92 

93 

94 

92 

95 

94 

92 

88 

85 

88 

89 

25 

SS 

92 

92 

92 

93 

93 

90 

89 

86 

83 

84 

87 

26 

94 

94 

95 

95 

96 

95 

94 

93 

89 

89 

91 

91 

27 

93 

97 

96 

95 

96 

94 

93 

86 

86 

88 

88 

88 

28 

94 

94 

96 

98 

99 

94 

96 

94 

93 

95 

98* 

91 

29 

97 

98 

93 

97 

97 

94 

92 

88 

87 

88 

89 

90 

30 

99 

123* 

80* 

82* 

70* 

74* 

73* 

59* 

56* 

51* 

34* 

39* 

31 

78* 

80* 

75* 

103 

84* 

81* 

70* 

70* 

67* 

66* 

58* 

63» 

Monthly; 
mean  I 

929 

940 

929 

94-6 

940 

929 

927 

91*0 

892 

881 

867 

86-3 

Normal 

93*4 

93*5 

940 

951 

95-2 

940 

94*2 

928 

908 

894 

88-6 

88*9 

\ 
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HORIZONTAL  INTENSITY^Continued. 

moffnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

reading*  rsferred  to  utandArd  temperature  of  magnet.    Increasing  nombers  indicat«  increasing  force.] 

MARCH,  1886. 


i3h 

H** 

IS^ 

i6»» 

lyh 

i8»» 

19b 

20>» 

2ih 

22* 

23h 

Mid. 
night. 

Daily 
mean. 

93 

94 

94 

93 

91 

93 

94 

94 

92 

93 

94 

94 

940^ 

89 

P 

99 

98 

97 

96 

92 

92 

96 

97 

98 

95 

93*4 

P 

86 

88 

89 

89 

90 

87 

9« 

92 

90 

90 

91 

909 

87 

90 

92 

93 

92 

93 

94 

94 

95 

94 

91 

94 

92*1 

92 

93 

94 

92 

94 

95 

93 

95 

92 

92 

91 

93 

94*4 

93 

95 

100 

91 

91 

92 

94 

88 

90 

93 

90 

94 

94*6 

91 

88 

89 

91 

92 

91 

91 

91 

90 

90 

89 

90 

91*2 

93 

96 

94 

94 

93 

94 

94 

93 

P 

93 

93 

94 

92-2 

96 

96 

95 

93 

94 

96 

97 

88 

83 

92 

94 

93 

94-3 

98. 

98 

98 

96 

96 

97 

96 

96 

92 

92 

90 

93 

95*9 

88 

Si 

94 

97 

92 

93 

94 

94 

94 

96 

94 

93 

93-0 

86. 

88 

89 

89 

93 

94 

94 

93 

92 

91 

91 

93 

933 

91 

93 

94 

93 

94 

96 

96 

97 

96 

97 

95 

95 

950 

90 

•92 

96 

98 

99 

99 

98 

99 

97 

94 

92 

92 

95-8 

90 

93 

92 

94 

92 

92 

92 

91 

9» 

89 

84 

88 

925 

83 

87 

83 

83 

82» 

85 

88 

88 

90 

87 

89 

85 

890 

.  81 

85 

89 

91 

94 

82* 

82* 

90. 

8i* 

81* 

87 

87 

88-3 

76* 

75* 

79* 

82 

78* 

8i» 

84 

86 

86 

84 

78* 

82» 

85-2 

86 

63* 

79* 

62* 

82» 

71* 

8i* 

78* 

80* 

95 

8i» 

93 

84-1 

97 

93 

93 

90 

88 

90 

QO 

90 

92 

88 

91 

90 

91-0 

90 

92 

86 

84 

82» 

86 

83 

90 

84 

86 

89 

95 

889 

8o» 

8i» 

85 

82 

88 

85 

8i* 

86 

85 

90 

91 

87 

86-2 

82 

H 

86 

90 

91 

91 

91 

91 

91 

85 

87 

90 

895 

89 

88 

93 

95 

94 

94 

95 

88 

90 

89 

93 

89 

91-2 

86 

84 

90 

89 

9* 

92 

93 

92 

90 

92 

92 

91 

896 

94 

87 

86 

84 

83* 

81* 

83 

86 

92 

89 

.91 

90 

911 

90 

89 

88 

84 

91 

88 

91 

88 

89 

89 

91 

92 

904 

93 

94 

94 

94 

94 

78* 

91 

95 

94 

92 

94 

90 

93-5 

92 

93 

94 

96 

95 

93 

91 

92 

94 

96 

95 

93 

93- > 

23* 

64* 

64* 

48* 

51* 

58* 

*  66* 

67* 

66* 

69* 

74* 

75* 

65-2 

75^ 

86 

84 

74* 

75* 

66» 

75* 

74* 

71* 

73* 

82 

79* 

75-4 

86-4 

881 

897 

880 

890 

881 

89-4 

896 

890 

896 

897 

903 

9013 

897 

90-7 

914 

909 

927 

923 

91-8 

914 

91*2 

91*2 

910 

91*6 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


[Local  mean  time. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  phot4}graphic  traces  oftlie  bifilar 

200  diviaioiM  plus  tabular  quantity,  one  diviaiun  —  0000109  in  pftfU  of  H.    All 

APRIL,  1 886. 
[For  the  explanation  of  theae  tables  see  pp.  &3,  54.] 


Day. 

!»» 

2h 

3»» 

4»» 

5»» 

6«» 

7»» 

8»» 

9^ 

io>» 

ii»» 

Noon. 

I 

8o» 

89 

8o* 

80* 

82* 

80* 

78* 

76* 

75* 

72* 

75* 

83 

2 

85 

88 

84 

82* 

85 

86 

85 

83 

83 

84 

83 

83 

3 

86 

88 

%% 

89 

90 

89 

88 

88 

90 

92 

91 

89 

4 

91 

96 

95 

94 

95 

94 

93 

91 

89 

87 

85 

85 

5 

92 

93 

91 

92 

92 

93 

92 

87 

87 

88 

87 

89 

6 

93 

94 

94 

94 

94 

94 

92 

88 

87 

89 

89 

89 

7 

93 

90 

9> 

89 

91 

92 

91 

88 

9> 

93 

94 

92 

8 

9« 

92 

91 

92 

92 

94 

92 

89 

90 

89 

86 

86 

9 

94 

93 

93 

94 

95 

94 

91 

88 

89 

90 

90 

92 

lO 

95 

96 

96 

96 

96 

96 

92 

91 

91 

89 

92 

92 

II 

95 

98 

98 

98 

100 

lOI 

102* 

99* 

96 

93 

93 

93 

12 

84 

82* 

86 

9« 

94 

94 

94 

93 

87 

76* 

82 

86 

13 

86 

94 

86 

85 

87 

89 

87 

92 

92 

91 

91 

89 

14 

82 

82* 

87 

92 

85 

84* 

82* 

87 

86 

88 

81 

77* 

15 

72* 

87 

86 

86 

83* 

84* 

82* 

81 

79* 

82 

82 

84 

i6 

87 

90 

87 

86 

88 

89 

87 

85 

86 

84 

84 

82 

17 

91 

89 

89 

92 

92 

92 

90 

86 

87 

84 

84 

85 

i8 

90 

89 

88 

92 

9» 

102 

98 

98 

94 

91 

90 

89 

«9 

90 

90 

92 

89 

92 

94 

87 

85 

84 

84 

85 

83 

20 

88 

88 

93 

92 

93 

92 

94 

90 

89 

84 

84 

83 

21 

90 

89 

93 

93 

92 

92 

91 

88 

84 

84 

85 

87 

22 

92 

96 

94 

93 

92 

96 

95 

92 

90 

90 

91 

93 

23 

94 

94 

95 

96 

96 

96 

94 

93 

93 

95 

98* 

I  GO* 

•24 

97 

98 

95 

95 

96 

94 

91 

89 

89 

91 

91 

92 

25 

88 

90 

9« 

91 

93 

94 

92 

87 

85 

87 

93 

94 

26 

92 

92 

94 

94 

96 

94 

92 

90 

90 

94 

96 

93 

27 

96 

96 

96 

96 

94 

95 

95 

91 

91 

92 

91 

90 

28 

95 

96 

97 

96 

96 

97 

94 

9« 

92 

92 

91 

88 

29 

95 

97 

100 

97 

99 

too 

97 

96 

97 

97 

96 

95 

30 

97 

95 

97 

97 

97 

98 

96 

93 

91 

90 

90 

88 

Monthly? 
mean  \ 

90-0 

917 

91-6 

918 

923 

930 

91-1 

892 

885 

88-1 

88-3 

88-4 

0 

Nonnal 

91  0 

924 

92*0 

92-5 

930 

941 

919 

89-3 

893 

89*1 

88-5 

88-4 
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HORIZONTAL  INTENSITY— Continued 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory, 

roadtngs  referred  to  standard  temperatore  of  magnet.    Inoreasing  nnmbera  indicate  inoreaaing  force.] 

APRIL,  1886. 


I3«» 

14" 

15b 

l6»> 

I7»» 

181^ 

I9«' 

20b 

2lb 

22»» 

23h 

Mid- 
night. 

DaUy 
mean. 

82 

82 

82 

82 

8o* 

77* 

82 

83 

79* 

77* 

85 

82 

8oid 

84 

87 

88 

87 

85 

86 

86 

87 

88 

87 

88 

86 

85-4 

86 

85 

87 

89 

88 

87 

91 

91 

90 

91 

9» 

90 

88-9 

86 

87 

91 

93 

9* 

84 

88 

91 

91 

90 

88 

90 

90'2 

90 

88 

90 

90 

88 

89 

90 

90 

90 

91 

94 

92 

90-2 

92 

92 

92 

92 

91 

89 

92 

93 

n 

95 

94 

94 

920 

88 

89 

88 

89 

88 

87 

90 

88 

87 

90 

92 

90-0 

•  85 

87 

89 

92 

93 

92 

93 

92 

92 

92 

93 

93 

907 

91 

92 

94 

95 

96 

94 

94 

94 

94 

95 

95 

95 

930 

91 

93 

95 

98 

98 

95 

95 

94 

94 

95 

94 

93 

940 

92 

8S 

88 

82 

84 

84 

87 

86 

8o* 

82 

76* 

76* 

904 

83 

86 

79* 

75* 

86 

74* 

74* 

87 

78* 

86 

83 

85 

84-0 

87 

88 

90 

81 

71* 

73* 

77* 

87 

77* 

86 

74* 

82 

851 

84 

87 

87 

68* 

70* 

64* 

64* 

66* 

66* 

72* 

95 

76* 

797 

87 

•84 

84 

82 

82 

84 

83 

84 

86 

86 

87 

86 

835 

82 

80 

86 

89 

88 

88 

86 

87 

87 

94 

87 

88 

86-5 

86 

79* 

82 

85 

92 

90 

91 

90 

85 

84 

87 

85 

874 

84 

83 

85 

84 

89 

86 

89 

90 

87 

87 

87 

88 

896 

84 

88 

94 

93 

91 

89 

89 

91 

92 

91 

88 

84 

887 

83 

87 

83 

83 

89 

86 

77* 

87 

73* 

78* 

85. 

89 

86-3 

86 

92 

92 

89 

87 

90 

89 

94 

90 

91 

91 

94 

897 

93 

95 

94 

91 

91 

92 

92 

90 

89 

92 

97 

95 

927 

lOI* 

lOO* 

95 

97 

98 

97 

96 

96 

95 

95 

94 

97 

96-0 

96 

lOI* 

103* 

io6» 

98 

97 

98 

99 

85 

87 

73* 

86 

93*6 

94 

91 

91 

92 

87 

90 

91 

91 

9' 

90 

9« 

92 

907 

91 

90 

91 

91 

91 

93 

93 

94 

94 

95 

95 

96 

930 

92 

95 

94 

95 

96 

94 

93 

93 

92 

92 

97 

94 

93-8 

88 

89 

91 

92 

90 

92 

95 

96 

95 

95 

94 

93 

931 

94 

93 

91 

90 

91 

77* 

90 

95 

92 

94 

94 

96 

947 

93 

94 

94 

93 

96 

96 

94 

86 

92 

98 

99 

97 

94-2 

88-5 

891 

897 

88-8 

88*8 

87-2 

88-3 

897 

875 

892 

89-5 

895 

89-58 

881 

88-6 

896 

895 

905 

90-0 

907 

90-6 

90s 

907 

91-2 

905 

200 


U.   S.    COAST   AND   GEODETIC    SURVEJY. 


DIPPBRBNTIAL  MEASURES  - 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plos  tabolar  quantity,  one  dlTision  =  0*000109  in  iMrta  of  H.    A  U 

MAY,  l8S6. 
[Fat  the  explanation  of  these  tables  see  pp.  63,  54.] 


Day. 

i»» 
99 

2h 

3»* 

4" 

5^ 

6>* 

7»» 

8»» 

9b 

IO»» 

III" 

Noon. 

I 

^ 

91 

96 

93 

96 

93 

90 

90 

90 

90 

92 

2 

94 

96 

90 

91 

9' 

92 

90 

92 

87 

90 

90 

87 

3 

95 

95 

94 

93 

96 

94 

93 

93 

89 

88 

90 

92 

4 

92 

93 

96 

93 

94 

94 

93 

89 

88 

86 

88 

^ 

5 

94 

94 

94. 

95 

95 

96 

95 

91 

91 

89 

88 

86 

6 

98 

98 

100 

100 

lOI 

lOI 

lOI 

IOO» 

92 

91 

93 

96 

7 

97 

99 

98 

98 

100 

99 

97 

96 

96 

98 

100* 

100 

8 

100 

ICO 

100 

lOI 

103 

"03 

100 

97 

96 

93 

91 

94  • 

9 

6i* 

76* 

95 

79* 

79* 

79* 

77* 

76* 

78* 

85 

89 

91 

lO 

85* 

90 

85* 

90 

93 

88 

89 

90 

90 

89 

94 

96 

II 

90 

93 

91 

89 

89 

86 

86 

83 

78* 

86 

86 

85 

12 

88 

9* 

90 

89 

92 

92 

87 

82 

8o« 

86 

^l 

85 

13 

92 

95 

93 

92 

96 

93 

93 

88 

89 

87 

88 

94 

14 

100 

98 

92 

9« 

93 

94 

93 

88 

92 

91 

92 

91 

'5 

93 

92 

92 

94 

93 

92 

91 

89 

89 

90 

85- 

87 

i6 

93 

94 

93 

93 

94 

92 

90 

86 

86 

87 

89 

90 

17 

96 

94 

93 

99 

91 

93 

91 

88 

84 

85 

8i» 

83 

i8 

89 

87 

89 

90 

89 

88 

82» 

80* 

82 

83 

88 

92 

'9 

92 

92 

92 

93 

92 

93 

9* 

89 

86 

84 

85 

89 

20 

95 

96 

96 

97 

94 

96 

97 

94 

92 

92 

97 

94 

21 

94 

98 

96 

94 

98 

94 

92 

83 

86 

88 

90 

92 

22 

95 

96 

96 

96 

98 

96 

95 

90 

90 

89 

91 

94 

23 

96 

97 

98 

98 

99 

98 

96 

93 

95 

94 

92 

87 

24 

94 

94 

96 

93 

95 

97 

96 

95 

9« 

90 

92 

96 

25 

97 

96 

98 

97 

98 

99 

97 

96 

94 

93 

92 

92 

26 

97 

98 

98 

99 

99 

99 

97 

95 

93 

104* 

102* 

98 

27 

100 

100 

lOI 

100 

103 

102 

103* 

90 

92 

lOI* 

97 

99 

28 

94 

94 

95 

97 

96 

97 

96 

90 

88 

91 

93 

96 

29 

95 

93 

91 

94 

94 

93 

92 

90 

92 

92 

92 

91 

30 

93 

94 

94 

94 

94 

94 

93 

93 

95 

95 

97 

lOI 

31 

96 

96 

94 

93 

94 

96 

94 

93 

94 

93 

92 

93 

Monthly^ 
mean  < 

93*4 

94*4 

94-2 

941 

947 

94*4 

929 

90-0 

892 

903 

909 

92-0 

Normal 

94-8 

950 

945 

94-6 

95-2 

94*9 

93*5 

905 

903 

895 

905 

92-0 
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HORIZONTAL  INTENSITY— Continued. 

magnetmneter  of  the  Los  Angeles  Magnetic  Mservatory. 

reAdingB  relerred  to  atandard  temperataze  of  ma^et.    Iiicrea«ing  namben  indicate  iBCreasing  force.] 

MAY,  1886. 


,3h 

14^ 

15^ 

i6»» 

i7»» 

i8b 

igtk 

2ol> 

2lh 

22l> 

• 

23^ 

Mid- 
night. 

Daily 
mean. 

91 

95 

94 

94 

92 

86 

91 

89 

94 

88 

94 

93 

923^ 

92 

91 

89 

85 

85 

86 

90 

93 

91 

94 

91 

90 

903 

91 

92 

88 

90 

88 

89 

92 

P 

94 

94 

93 

94 

92*  I 

2' 

94 

94 

91 

89 

89 

88 

39 

91 

92 

94 

92 

91*2 

89 

94 

96 

94 

90 

90 

92 

91 

96 

96 

97 

99 

930 

96 

96 

98 

96 

95 

94 

94 

93 

93 

95 

95 

96 

963 

100 

lOI 

I02* 

lOI* 

100* 

99* 

100 

lOO* 

lOO* 

99 

99 

99 

991 

92 

91 

92 

67* 

58* 

50* 

54* 

65* 

66» 

47* 

58* 

92 

838 

86 

8o» 

86 

84 

82 

83 

76* 

87 

82 

78* 

86 

85 

81  7 

9S 

86 

90 

86 

85 

84 

79* 

79* 

83 

88 

84* 

86 

876 

84 

8i« 

8i* 

78* 

86 

87 

87 

85 

89 

97 

94 

86 

865 

85 

89 

87 

87 

87 

83 

77* 

83 

90 

90 

88 

90 

867 

97 

98 

83 

90 

86 

88 

92 

84 

89 

89 

91 

92 

908 

91 

90 

!? 

91 

87 

86 

85 

89 

bS 

85 

102 

92 

913 

86 

88 

86 

90 

88 

91 

90 

92 

91 

92 

92 

93 

90*2 

90 

92 

96 

94 

94 

92 

92 

93 

94 

93 

96 

95 

giro 

84 

8y 

91 

88 

90 

77* 

72* 

70* 

82 

86 

100 

93 

87-4 

86 

88 

90 

89 

81 

84 

85 

85 

84 

87 

94 

92 

86-8 

91 

88 

92 

90 

88 

89 

92 

92 

93 

§1 

93 

93 

90s 

91 

92 

92 

90 

90 

95 

93 

91 

87 

86 

92 

96 

931 

95 

96 

93 

87 

84 

84 

87 

89 

90 

90 

92 

94 

91*1 

97 

94 

92 

91 

86 

87 

90 

91 

93 

92 

94 

95 

928 

92 

95 

94 

9« 

90 

92 

94 

94 

94 

95 

93 

92 

941 

98 

93 

93 

92 

92 

93 

94 

94 

93 

94 

94 

96 

940 

93 

94 

92 

90 

91 

93 

94 

94 

95 

95 

96 

95 

94-6 

98 

93 

92 

91 

89 

9« 

90 

90 

93 

96 

96 

99 

957 

lOI 

96 

93 

92 

94 

97 

95 

93 

94 

94 

92 

93 

968 

94 

92 

93 

92 

93 

89 

91 

91 

92 

91 

92 

92 

929 

92 

92 

92 

90 

92 

92 

9« 

93 

95 

94 

92 

92 

923 

100 

98 

95 

92 

92 

92 

94 

93 

93 

93 

94 

94 

94-5 

94 

97 

97 

95 

95 

95 

■ 

95 

94 

94 

95 

94 

97 

94-6 

92*1 

92X) 

917 

896 

88-4 

880 

88-3 

89-0 

904 

90-3 

923 

931 

91-49 

92-1 

92*8 

917 

90-4 

890 

89-3 

915 

90-6 

90-9 

92*2 

93-8 

931 
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U.   S.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES-- 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  moan  time.        200  divisiona  pliu  tabaUr  quantity,  one  diviaion  =  0*000109  in  parte  of  H.    All 

JUNE,  i886. 
[For  the  explanation  of  theoe  tablee  see  pp.  53, 54.] 


Day. 

!»» 

2h 

3'* 

4'* 

5»» 

6»» 

7»» 

8«» 

9h 

io*» 

ii»>  Noon. 

I 

95 

94 

94 

93 

96 

98 

99 

98 

96 

94 

95 

99 

2 

95 

96 

95 

95 

95 

93 

90 

89 

91 

94 

95 

95 

3 

94 

95 

95 

95 

96 

94 

95 

93 

97 

100 

103 

98 

4 

95 

94 

94 

92 

93 

95 

93 

94 

100 

104* 

104 

102 

5 

96 

lOI 

95 

95 

103 

96 

96 

94 

99 

95 

92 

93 

6 

96 

92 

94 

92 

93 

92 

94 

92 

93 

87 

86* 

92 

7 

93 

94 

97 

94 

94 

93 

92 

94 

93 

92 

94 

93 

8 

91 

96 

94 

94 

95 

98 

96 

94 

94 

92 

92 

86» 

9 

92 

92 

94 

94 

94 

94 

94 

94 

92 

92 

96 

99 

lO 

96 

96 

97 

96 

95 

96 

97 

95 

93 

94 

96 

96 

II 

94 

95 

97 

98 

97 

98 

100 

97 

98 

103 

io6» 

109* 

12 

go 

93 

95 

97 

lOI 

97 

97 

88 

97 

96 

92 

86* 

13 

92 

91 

92 

94 

94 

93 

92 

88 

92 

94 

92 

97 

H 

94 

lOI 

98 

93 

93 

93 

90 

88 

86 

88 

90 

92 

15 

<* 

92 

93 

91 

91 

94 

93 

93 

90 

92 

93 

92 

91 

i6 

94 

94 

94 

95 

95 

95 

94 

90 

93 

98 

100 

lOI 

17 

106* 

95 

96 

94 

96 

96 

97 

97 

96 

93 

91 

93 

i8 

94 

96 

97 

96 

95 

99 

96 

l^ 

94 

93 

94 

95 

19 

94 

94 

95 

97 

95 

96 

94 

89 

89 

91 

95 

96 

20 

95 

94 

95 

95 

96 

96 

96 

94 

96 

96 

96 

96 

21 

96 

97 

96 

96 

97 

95 

93 

93 

94 

94 

96 

94 

22 

92 

95 

93 

91 

97 

93 

92 

95 

90 

92 

99 

lOI 

23 

91 

92 

96 

92 

94 

96 

95 

96 

95 

97 

96 

93 

24 

90 

92 

92 

96 

95 

93 

89 

88 

83* 

94 

97 

98 

25 

92 

94 

90 

88 

88 

91 

90 

92 

95 

[97] 

99 

98 

26 

89 

89 

89 

89 

90 

92 

91 

92 

93 

96 

97 

95 

27 

93 

91 

94 

93 

94 

94 

96 

94 

96 

96 

100 

98 

28 

92 

96 

93 

93 

93 

92 

89 

91 

95 

96 

96 

96 

29 

95 

94 

96 

97 

97 

99 

97 

97 

97 

96 

96 

97 

30 

73* 

79* 

78* 

82* 

8i» 

82* 

83* 

84 

83* 

85; 

90 

91 

Monthly) 
mean  i 

930 

93-8 

93*9 

93-6 

94*5 

94*4 

937 

924 

93*4 

94*4 

95-6 

957 

Normal 

933 

94*3 

94-4 

940 

950 

94*8 

940 

924 

94-2 

94*4 

95-5 

95*9 

REPORT   FOR   18W — PART   U. 


203 


HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperatore  of  maipiet.    Increaeing  numbers)  indicate  increasing  force.] 

JUNE,  1886. 


,3b 

I4«» 

15'' 

i6»» 

lyh 

i8»» 

I9h 

20*» 

2ih 

22*» 

23^ 

Mid- 
rdght. 

Daily 
mean. 

100 

99 

96 

91 

92 

94 

93 

94 

93 

94 

94 

95 

95*3^ 

97 

98 

96 

94 

93 

94 

95 

96 

95 

93 

92 

93 

941 

lOI 

96 

90 

91 

95 

94 

99* 

103* 

I02* 

lOI* 

96 

97 

967 

lOI 

99 

98 

98 

94 

84 

81 

87 

89 

88 

90 

94 

943 

95 

98 

95 

92 

82 

79* 

83 

•  91 

86 

9» 

90 

93 

929 

93 

92 

92 

93 

93 

91 

86 

91 

90 

85 

89 

92 

91*2 

92 

88 

86 

91 

88 

^ 

8o* 

8o« 

88 

88 

91 

93 

907 

87 

89 

86 

86 

88 

89 

93 

92 

98 

91 

95 

92 

92-0 

^ 

97 

96 

92 

92 

93 

94 

95 

94 

94 

95 

95 

94-2 

96 

95 

97 

95 

94 

94 

91 

92 

92 

94 

94 

94 

94-8 

io7» 

102 

98 

96 

96 

98 

98 

99 

98 

97 

98 

96 

990 

93 

89 

85 

85 

83 

8o» 

86 

85 

90 

91 

92 

97 

91-0 

96 

87 

92 

91 

91 

91 

90 

89 

85 

90 

92 

95 

917 

96 

97 

95 

94 

93 

91 

94 

94 

95 

96 

92 

92 

93- » 

92 

92 

91 

91 

90 

90 

92 

95 

93 

93 

94 

94 

92-2 

102 

98 

97 

95 

94 

90 

90 

94 

96 

93 

95 

99 

95*3 

95 

94 

90 

^ 

92 

92 

92 

93 

92 

87 

89 

92 

93-6 

95 

95 

90 

83 

84 

90 

92 

92 

90 

94 

94 

95 

93-2 

95. 

95 

94 

90 

92 

92 

91 

91 

91 

92 

92 

94 

931 

95 

95 

94 

93 

94 

94 

94 

91 

94 

94 

95 

95 

947 

92 

91 

91 

8i» 

79* 

8i» 

83 

85 

83 

88 

89 

89 

90-5 

io6» 

100 

90 

75* 

84 

79* 

86 

87 

89 

91 

91 

89 

915 

94 

94 

89 

85 

83 

88 

88 

9« 

90 

90 

95 

90 

92*1 

91 

87 

78* 

76* 

79* 

82 

81 

91 

84 

84 

87 

92 

88-3 

93 

89 

88 

87 

89 

71* 

85 

84 

89 

87 

90 

90 

[898] 

91 

87 

87 

88 

88 

85 

89 

90 

90 

89 

96 

92 

90-6 

96 

96 

91 

86 

88 

90 

91 

91 

92 

9» 

92 

90 

930 

95 

91 

89 

90 

9i 

92 

94 

93 

94 

94 

92 

93 

929 

93 

93 

74* 

62* 

68* 

72* 

83 

61* 

69* 

75* 

82» 

io6» 

87-3 

89 

87 

73* 

76* 

71* 

80* 

82 

82 

8i» 

88 

84 

86 

821 

95-5 

937 

903 

87-9 

880 

« 

876 

892 

90-0 

904 

908 

91-9 

93*5 

9238 

947 

937 

92*0 

90-6 

90-I 

907 

892 

90-9 

91-1 

91-0 

923 

93-0 
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U.   a.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  biftlar 

[Local  moan  time.  200  divUiona  plus  tabular  qaautity,  one  diyiaion  =  0000109  in  parts  of  H.    All 

JULY,  1 886. 
[For  the  explanation  of  these  tables  see  pp.  63,  54.] 


Day. 

fh 

2»» 

3*^ 

4^ 

S** 

6t» 

7^ 

8«» 

9b 

IO»» 

lib 

Noon. 

I 

90 

91 

86 

86 

88 

88 

85 

82 

81 

84 

82 

86 

2 

85 

88 

90 

88 

87 

86 

82 

79 

90 

t 

89 

90 

3 

89 

90 

90 

90 

92 

86 

85 

84 

82 

81 

88 

4 

91 

91 

91 

90 

90 

92 

92 

85 

84 

«4 

87 

89 

5 

88 

90 

92 

93 

93 

94 

92 

90 

89 

91 

92 

92 

6 

93 

93 

92 

92 

92 

93 

95 

92 

90 

90 

89 

92 

7 

94 

93 

93 

95 

94 

^ 

96 

94 

92 

^ 

96 

94 

8 

93 

91 

91 

94 

95 

98 

95 

92 

89 

87 

90 

96 

9 

98 

97 

99 

lOO* 

100 

96 

86 

89 

90 

92 

93 

lO 

94 

too 

96 

94 

94 

96 

95 

92 

91 

92 

93 

93 

II 

97 

92 

93 

92 

93 

92 

92 

90 

90 

89 

90 

91 

12 

91 

92 

92 

94 

95 

94 

95 

92 

92 

91 

87 

86 

13 

91 

92 

92 

92 

92 

91 

89 

89 

90 

91 

92 

91 

14 

97 

96 

too* 

1 05* 

lOI* 

104* 

95 

94 

94 

97* 

98* 

98 

IS 

92 

92 

87 

88 

92 

92 

92 

93 

93 

94 

92 

89 

i6 

86 

95 

92 

90 

90 

90 

88 

86 

85 

86 

90 

96 

17 

93 

93 

92 

90 

89 

92 

90 

90 

90 

88 

91 

94 

i8 

93 

92 

92 

92 

91 

93 

93 

91 

92 

90 

92 

93 

19 

92 

93 

97 

98 

92 

96 

92 

91 

83 

83 

85 

84 

20 

87 

90. 

89 

87 

88 

90 

86 

91 

89 

84 

80 

81 

21 

92 

94 

91 

91 

88 

89 

89 

80 

83 

83 

88 

89 

22 

89 

91 

90 

88 

85 

88 

88 

88 

86 

85 

84 

85 

23 

99 

88 

85 

86 

87 

86 

85 

86 

87 

87 

85 

88 

24 

89 

89 

87 

89 

89 

87 

89 

92 

92 

9« 

90 

25 

88 

88 

90 

90 

90 

91 

88 

84 

82 

83 

85 

88 

26 

90 

92 

9« 

92 

92 

92 

90 

88 

9* 

93 

94 

94 

27 

87 

90 

91 

90 

93 

97 

96 

88 

86 

88 

88 

83 

28 

87 

77* 

76* 

74* 

75* 

75* 

72* 

74* 

76* 

76* 

83 

84 

29 

84 

84 

84 

84 

84 

85 

85 

82 

82 

82 

83 

84 

30 

85 

85 

83 

85 

85 

86 

84 

82 

89 

92 

92 

90 

31 

89 

88 

87 

87 

89 

89 

88 

86 

82 

84 

88 
887 

88 

Monthly) 
mean  ) 
Normal 

907 

909 

904 

904 

905 

91*3 

896 

87-4 

875 

877 

89-6 

90-7 

91*4 

905 

905 

90-3 

914 

90*2 

879 

878 

878 

88-4 

89-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  JjOS  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.    Increasing  nambers  indicate  increasing  force.] 

JULY,  1886. 


IS*" 

I4»» 

1$^ 

i6»» 

,7h 

i8»» 

I9*> 

20b 

2ih 

22»» 

23»> 

Mid- 
night. 

Daily 
mean. 

90 

88 

89 

81 

78 

80 

81 

84 

87 

87 

89 

88 

855- 

88 

84 

85 

84 

86 

83 

78 

75* 

78* 

82 

85 

92 

852 

93 

91 

86 

88 

88 

90 

86 

87 

88 

90 

94 

92 

879 

88 

86 

88 

88 

91 

89 

89 

88 

89 

94 

91 

89 

890 

93 

89 

9* 

86 

89 

91 

92 

93 

92 

92 

92 

93 

91*2 

93 

93 

90 

89 

88 

90 

90 

9" 

91 

92 

91 

92 

914 

91 

95 

94 

92 

91 

93 

88 

91 

91 

91 

92 

94 

931 

97 

96 

95 

93 

93 

91 

94 

94 

98 

96 

96 

99* 

939 

90 

lOI* 

94  . 

94 

92 

90 

92 

95 

94 

94 

93 

94 

94-2 

93 

94 

92 

90 

84 

82 

84 

87 

94 

92 

94 

94 

92-1 

92 

91 

89 

85 

88 

89 

91 

94 

92 

90 

91 

93 

911 

87 

88 

89 

89 

87 

22 

90 

91 

91 

92 

91 

91 

907 

91 

90 

90 

90 

88 

88 

90 

93 

93 

94 

94 

94 

91*1 

91 

93 

89 

84 

82 

84 

88 

89 

91 

90 

SS 

90 

933 

89 

89 

93 

91 

83 

^3 

83 

86 

83 

95 

92 

82 

894 

94 

2' 

86 

85 

82 

81 

83 

82 

88 

92 

89 

92 

88-3 

94 

89 

93 

91 

92 

90 

90 

90 

90 

91 

93 

92 

91*1 

97 

99* 

97 

91 

79 

88 

96* 

95 

94 

92 

94 

86 

92-2 

76* 

86 

90 

78 

76* 

75* 

79 

90 

88 

83 

98 

89 

873 

84 

87 

86 

81 

80 

82 

85 

82 

83 

86 

86 

90 

856 

^i 

79* 

78* 

81 

81 

85 

87 

87 

88 

87 

85 

82 

85-8 

88 

88 

88 

87 

86 

86 

85 

87 

92 

79* 

76* 

81 

86-3 

87 

87 

90 

88 

82 

84 

86 

86 

88 

90 

89 

9^^ 

873 

89 

88 

84 

87 

86 

87 

89 

90 

88 

88 

89 

89 

88-6 

89 

90 

91 

89 

89 

87 

89 

91 

90 

90 

91 

90 

885 

93 

91 

92 

91 

89 

89 

92 

94 

92 

90 

90 

91 

914 

79* 

66* 

59* 

69* 

64* 

53* 

64* 

53* 

72* 

68* 

68* 

82 

781 

8o» 

73* 

8o» 

79 

77 

78 

81 

83 

84 

85 

86 

85 

79-2 

83 

82 

82 

82 

84 

80 

85 

83 

81 

82 

84 

84 

831 

86 

84 

83 

84 

84 

86 

86 

87 

88 

86 

89 

88 

86-2 

84 

87 

88 

86 

84 

86 

87 

87 

91 

90 

92 

90 

874 

88-8 

88-2 

878 

86-2 

846 

848 

865 

873 

887 

887 

894 

896 

88-55 

899 

891 

894 

86-8 

85-6 

86-3 

86-9 

88-9 

896 

898 

90-6 

893 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


[Local  mean  tima. 


DIFFERENTIAL  MEASURES-- 

Hourly  readings  from  the  photographic  tra^jes  of  the  bifilur 

200  divUiona  plus  tabular  quantity,  one  division  ^0000109  iu  parts  of  H.    All 

AUGUST,  1 886. 
[For  the  ezphmation  of  these  tables  aee  pp.  53,  54.] 


Day. 

i«> 

2h 

3^ 

4*^ 

5'^ 

6«> 

yh 

8»» 

9b 

lO'* 

iih  ] 

I^oon. 

I 

89 

90 

90 

91 

92 

93 

89 

87 

83 

84 

90 

91 

2 

90 

88 

90 

92 

91 

90 

90 

89 

90 

92 

91 

91 

3 

92 

93 

92 

94 

93 

93 

91 

88 

89 

89 

91 

88 

4 

92 

93 

93 

93 

93 

92 

92 

89 

89 

92 

94 

96 

5 

94' 

94 

96 

95 

95 

96 

90 

86 

87 

90 

91 

92 

6 

94 

93 

99* 

95 

95 

100* 

95 

92 

90 

89 

87 

89 

7 

96 

94 

95 

93 

98 

97 

.98* 

90 

90 

90 

92 

97 

8 

89 

90 

89 

90 

90 

89 

84 

79 

81 

86 

89 

90 

9 

89 

90 

90 

89 

90 

89 

87 

85 

88 

89 

89 

88 

lO 

92 

92 

93 

93 

94 

94 

92 

90 

89 

90 

90 

92 

II 

92 

93 

92 

90 

90 

87 

87 

84 

84 

84 

82 

84 

12 

97 

94 

84 

84 

89 

87 

87 

80 

80 

81 

83 

86 

13 

SS 

89 

88 

87 

89 

88 

86 

84 

85 

81 

82 

78* 

14 

84 

88 

89 

94 

84 

85 

83 

82 

80 

84 

86 

80 

15 

92 

88 

86 

86 

85 

86 

85 

82 

84 

80 

82 

91 

i6 

85 

87 

89 

90 

91 

91 

91 

88 

87 

90 

92 

90 

17 

87 

90 

87 

85 

89 

87 

85 

82 

82 

81 

80 

86 

i8 

94 

94 

87 

88 

91 

88 

88 

84 

79 

78 

76* 

71* 

19 

93 

88 

85 

$S 

88 

85 

86 

82 

79 

84 

85 

87 

20 

88 

88 

88 

87 

90 

88 

86 

82 

79 

80 

82 

84 

21 

89 

88 

92 

88 

SS 

88 

85 

^3 

83 

82 

86 

88 

22 

88 

90 

90 

90 

90 

90 

87 

83 

81 

81 

82 

86 

23 

9» 

9> 

91 

89 

92 

92 

90 

89 

88 

88 

86 

89 

24 

88 

85 

8f 

&3 

83 

82 

79 

76 

75 

80 

84 

83 

25 

85 

86 

87 

87 

87 

86 

85 

84 

82 

84 

86 

87 

26 

88 

89 

$S 

86 

87 

86 

83 

81 

84 

88 

88 

91 

27 

87 

90 

92 

87 

89 

89 

85 

80 

79 

79 

80 

83 

28 

88 

89 

89 

90 

90 

90 

84 

79 

82 

84 

87 

89 

29 

90 

89 

93 

90 

91 

91 

88 

82 

78 

78 

80 

83 

30 

89 

90 

90 

90 

91 

90 

86 

83 

82 

83 

86 

SS 

3» 

91 

93 

92 

93 

93 

92 

87 

83 

83 

89 

93 

93 

Monthly) 
mean  ) 

90-0 

90-2 

899 

896 

90-3 

897 

87-5 

841 

836 

84-8 

86-2 

875 

Normal 

90-0 

90-2 

896 

896 

90-3 

89-4 

871 

841 

836 

84.8 

865 

88-3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Obsertatory. 

readings  referred  to  standard  temperature  of  magnet.     Increasing  numbers  indicate  Increasing  force.] 

AUGUST,  1886. 


IS** 

14*" 

15^ 

i6»^ 

I?** 

i8»» 

igh 

20>» 

2I*» 

22»» 

23h 

Mid- 
night. 

Daily 
mean. 

9J 

86 

80 

82 

83 

86 

88 

88 

90 

92 

90 

89  • 

88- Id 

92 

92 

91 

88 

86 

88 

89 

92 

91 

91 

92 

92 

903 

86 

88 

87 

86  - 

87 

90 

91 

92 

92 

92 

91 

90 

90-2 

95 

93 

92 

91 

90 

90 

92 

93 

93 

93 

93 

91 

923 

94 

95 

98* 

94 

92 

92 

94 

94 

94 

92 

96 

94 

93*  I 

87 

91 

92 

92 

93 

92 

92 

92 

93 

91 

92 

93 

925 

96 

81 

87 

88 

90 

88 

87 

84 

83 

80 

92 

89 

90*6 

93 

91 

93 

92 

89 

90 

91 

90 

89 

90 

89 

90 

889 

87 

87 

87 

87 

90 

90 

92 

92 

92 

91 

92 

92 

893 

92 

90 

89 

87 

88 

88 

86 

85 

85 

84 

84 

90 

895 

86 

86 

87 

82 

85 

75* 

85 

84 

79 

78* 

88 

93 

857 

86 

87 

80 

81 

83 

76* 

75* 

84 

83 

86 

93 

88 

848 

77* 

76* 

72* 

81 

80 

82 

74* 

85 

90 

80 

86 

97 

83-5 

85 

84 

82 

83 

78 

76* 

77* 

76* 

80 

82 

84 

92 

83-2 

92 

91 

88 

86  • 

81 

81 

81 

70* 

81 

80 

82 

89 

845 

86 

81 

81 

78 

80 

77* 

73* 

87 

79 

89 

86 

88 

85-3 

86 

90 

90 

80 

77 

80 

77* 

87 

82 

91 

85 

86 

851 

81 

86 

87 

86 

84 

83 

77* 

82 

86 

88 

84 

86 

845 

86 

85 

82 

80 

82 

81 

86 

85 

85 

86 

86 

85 

850 

86 

87 

85 

87 

86 

88 

87 

86 

85 

85 

87 

87 

857 

88 

88 

86 

84 

83 

85 

84 

85 

84 

86 

88 

87 

86-2 

86 

86 

86 

85 

85 

88 

88 

89 

88 

88 

88 

88 

86-8 

91 

91 

90 

93 

79 

56* 

55* 

70* 

68* 

67* 

65* 

77* 

824 

84 

87 

84 

82 

81 

82 

79 

80 

85 

84 

88 

86 

825 

84 

85 

83 

79 

76 

81 

82 

85 

83 

93 

87 

84 

845 

90 

86 

85 

84 

82 

85 

SS 

87 

87 

87 

89 

86 

86-5 

85 

88 

89 

88 

89 

88 

86 

84 

85 

87 

88 

87 

860 

89 

87 

85 

86 

87 

89 

88 

87 

89 

89 

88 

89 

87-2 

84 

84 

86 

85 

86 

89 

90 

88 

87 

88 

90 

90 

867 

89 

88 

86 

88 

89 

90 

91 

90 

91 

89 

90 

91 

88-3 

93 

94 

90 

88 

90 

93 

93 

90 

92 

90 

90 

91 

90-7 

880 

875 

86-5 

856 

849 

845 

845 

859 

86-2 

867 

87-8 

88-9 

8710 

88-3 

87-8 

86-6 

856 

84-9 

86-9 

87-9 

874 

86-8 

877 

• 

88-6 

893 
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U.  8.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Looal  mean  time.  900  diTisiooH  plus  tabalar  qiuiitity,  one  division = 0*000100  in  parts  of  H.    AU 

SEPTEMBER,  i886. 
[For  the  explanation  of  these  tables  see  pp.  53,  64.] 


Day. 

ih 

2h 

3»» 

4«' 

5^ 

6h 

7»» 

8»» 

9h 

ioi» 

iit> 

Noon. 

I 

92 

92 

94 

94 

94 

93 

91 

$S 

85 

86 

91 

U 

2 

89 

90 

91 

91 

90 

91 

88 

84 

83 

83 

86 

3 

91 

92 

94 

92 

93 

92 

90 

87 

86 

86 

86 

86 

4 

93 

91 

94 

95 

95 

95 

92 

90 

88 

83 

83 

86 

5 

91 

92 

92 

92 

92 

92 

90 

88 

89 

91 

93 

95 

6 

91 

92 

94 

93 

94 

94 

92 

91 

88 

SS 

88 

89 

7 

92 

92 

93 

94 

96 

95 

88 

85 

77 

89 

88 

93 

8 

86 

87 

87 

90 

91 

91 

86 

81 

76 

80 

88 

88 

9 

87 

84 

86 

91 

91 

93 

87 

81 

77 

81 

82 

85 

lO 

79 

84 

93 

8o* 

84 

83 

81 

76 

72* 

69* 

71* 

82 

II 

84 

II 

82 

85 

82 

84 

76* 

76 

70* 

66* 

78 

84 

12 

79 

8o* 

8o» 

86 

82 

86 

80 

82 

78 

75* 

79 

13 

87 

85 

84 

86 

86 

82 

83 

83 

81 

79 

78 

77* 

14 

79 

84 

85 

87 

85 

88 

75* 

77 

80 

79 

77 

76* 

IS 

85 

82 

83 

83 

83 

^3 

3i 

80 

78 

79 

79 

78* 

i6 

86 

88 

88 

89 

89 

87 

82 

79 

76 

78 

75* 

82 

17 

85 

85 

89 

90 

85 

88 

84 

80 

81 

81 

83 

84 

i8 

83 

84 

85 

87 

87 

87 

83 

79 

78 

80 

81 

U 

19 

88 

88 

89 

89 

88 

88 

!5 

83 

81 

82 

83 

20 

90 

90 

92 

92 

91 

90 

89 

87 

88 

87 

88 

90 

21 

94 

93 

89 

91 

94 

92 

90 

92 

90 

88 

90 

87 

22 

86 

86 

86 

88 

89 

88 

89 

86 

85 

86 

86 

85 

23 

89 

91 

91 

90 

9" 

91 

90 

89 

87 

87 

87 

86 

24 

88 

89 

89 

90 

90 

89 

88 

87 

85 

88 

88 

89 

25 

90 

91 

92 

92 

92 

90 

88 

85 

83- 

.84 

84 

SS 

26 

90 

90 

90 

91 

91 

90 

88 

85 

84 

85 

87 

90 

27 

89 

90 

91 

90 

90 

90 

88 

82 

82 

85 

88 

91 

28 

89 

90 

91 

92 

93 

92 

89 

86 

84 

87 

93 

95 

29 

9» 

90 

90 

91 

9» 

90 

87 

84 

86 

91 

93 

90 

30 

91 

95 

96 

92 

97 

93 

89 

88 

87 

SS 

91 

86 

Monthly) 
mean  \ 

878 

88-6 

89-3 

896 

900 

894 

86-5 

840 

823 

831 

847 

86-4 

Normal 

87-8 

88-6 

897 

903 

90-0 

894 

873 

840 

831 

843 

859 

87-5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  staudard  temperature  of  majpiot.    Increasing  nnmbers  indicate  Increaaing  force.] 

SEPTEMBER,  1886. 


I3h  . 

H'^ 

15^ 

i6»» 

17'* 

i8'» 

19b 

20'» 

2I*» 

22^ 

23** 

Mid- 
night. 

Daily 
mean. 

94 

97 

97* 

95 

90 

92 

92 

92 

92 

90 

90 

88 

9i-7<i 

89 

90 

92 

92 

92 

92 

9« 

91 

91 

91 

91 

90 

894 

86 

90 

91 

91 

90 

88 

93 

92 

93 

93 

92 

92 

90-2 

^ 

9* 

92 

P 

93 

93 

94 

94 

9' 

87 

90 

91 

91-0 

92 

88 

88 

89 

90 

91 

92 

92 

93 

93 

92 

93 

91-3 

90 

90 

88 

88 

89 

91 

92 

92 

92 

92 

91 

90 

908 

94 

9« 

84 

85 

85 

85 

82 

88 

83 

85 

86 

86 

88-2 

88 

89 

89 

84 

80 

88 

90 

89 

81 

82 

81 

89 

859 

87 

79 

75* 

68* 

72* 

71* 

81 

79 

87 

78* 

62* 

86 

8r2 

82 

76* 

69* 

67* 

66* 

67* 

76* 

72* 

82 

81 

75* 

94 

775 

78* 

83 

75* 

79 

78 

79 

87 

81 

85 

76* 

78* 

79* 

79*5 

82 

79 

74* 

80 

78 

79 

79* 

80 

72* 

76* 

83 

82 

800 

73* 

72* 

69* 

71* 

76* 

78* 

77* 

74* 

86 

80 

74* 

77* 

79-1 

76* 

76* 

79 

78* 

80 

82 

87 

82 

85 

79 

89 

80 

81  0 

70* 

78* 

80 

82 

82 

84 

84 

86 

87 

85 

87 

86 

82- 1 

83 

85 

83 

84 

85 

85 

86 

87 

85 

79 

80 

91 

838 

82 

83 

83 

83 

83 

85 

85 

87 

86 

87 

85 

S2 

844 

84 

85 

86 

85 

85 

86 

85 

85 

86 

86 

88 

88 

844 

89 

89 

90 

89 

89 

90 

89 

90 

90 

89 

89 

88 

876 

89 

88 

89 

89 

89 

91 

88 

89 

91 

92 

90 

90 

895 

80 

77* 

79 

74* 

81 

86 

87 

80 

76* 

77* 

82 

»7 

857 

85 

86 

85 

81 

87 

88 

88 

88 

89 

89 

89 

90 

86-9 

85 

86 

87 

89 

89 

89 

85 

85 

86 

88 

89 

88 

881 

90 

90 

90 

90 

89 

91 

91 

91 

89 

90 

90 

90 

892 

88 

90 

90 

90 

87 

90 

91 

91 

92 

91 

91 

91 

892 

92 

93 

92 

92 

91 

91 

91 

91 

91 

90 

90 

90 

898 

92 

93 

93 

90 

91 

91 

90 

90 

89 

90 

91 

90 

894 

95 

94 

95 

95 

91 

91 

91 

92 

92 

91 

91 

90 

91-2 

25 

lOI* 

92 

89 

89 

90 

91 

85 

87 

89 

89 

92 

90- 1 

84 

84 

• 

84 

81 

80 

80 

83 

88 

87 

87 

87 

86 

877 

86-3 

86-4 

853 

848 

J84-9 

861 

873 

86-8 

872 

86-1 

861 

879 

86-54 

879 

880 

87.5 

875 

86-4 

877 

88-4 

878 

88-1 

87-4 

88-2 

885 

fif  ]5x,  43,  pt.  2— U 
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U.    S.   C0A8TAXD   GEODETIC   SURVEY. 


DIFFERENTIAl.  MEASURES- 

Hourly  readingafrom  the  photographic  traces  of  the  bijilar 

[Looal  meiui  time.         200  divUions  plud  tabular  quantity,  one.  diviaiou  —  0000109  in  parts  of  H.    All 

OCTOBER,  i886.    " 
[For  the  explanation  of  tiioHe  t«bleM  hoc  pp.  &:^54.] 


Day. 

Ih 

2h 

3*^ 

4"^ 

S'^ 

6h 

7»» 

8^ 

9h 

10^ 

ii>»  Noon. 

I 

87 

89 

89 

89 

88 

88 

87 

84 

80 

83 

87 

89 

2 

88 

89 

89 

90 

90 

89 

88 

S3 

82 

85 

89 

88 

3 

89 

88 

88 

90 

91 

88 

87 

82 

82 

82 

82 

83 

4 

88 

89 

90 

90 

89 

89 

89 

86 

83 

83 

85 

85 

5 

89 

90 

91 

90 

90 

93 

92 

89* 

90* 

92* 

94* 

92* 

6 

84 

91 

84 

88 

90 

88 

95* 

89* 

84 

85 

89 

74 

7 

88 

78 

83 

87 

88 

83 

83, 

75 

81 

81 

80 

83 

8 

76 

70* 

74* 

81 

84 

84 

76 

66* 

59* 

72 

75 

78 

9 

76 

79 

80 

85 

82 

84 

75 

70* 

66* 

71 

75 

73 

lO 

83 

82 

77 

79 

79 

78 

77 

73 

70* 

6o» 

66* 

71* 

II 

80 

83 

83 

78 

81 

80 

76 

74 

74 

77 

79 

80 

12 

9' 

85 

81 

78 

80 

82 

82 

79 

75 

77 

78 

78 

13 

80 

82 

84 

82 

84 

83 

80 

76 

72 

79 

82 

80 

H 

82 

80 

83 

86 

81 

82 

80 

74 

77 

80 

80 

80 

IS 

85 

83 

82 

S2 

84 

84 

82 

80 

78 

78 

80 

82 

i6 

80 

83 

82 

83 

84 

S3 

83 

79 

79 

80 

82 

81 

17 

83 

84 

83 

84 

86 

87 

89 

82 

82 

81 

81 

82 

i8 

8S 

89 

87 

86 

86 

91 

90 

83 

79 

83 

83 

83 

19 

69* 

83 

73* 

81 

78 

79 

78 

79 

79 

82 

85 

86 

20 

86 

87 

86 

85 

86 

87 

87 

86 

83 

86 

93* 

92* 

21 

.87 

85 

85 

91 

86 

85 

86 

83 

81 

S3 

79 

82 

22 

84 

84 

84 

85 

86 

86 

85 

80 

77 

78 

78 

81 

23 

84 

84 

84 

85 

85 

84 

81 

80 

77 

79 

79 

82 

24 

84 

85 

86 

86 

87 

87 

86 

83 

80 

77 

79 

S2 

25 

85 

87 

92 

90 

89 

89 

88 

86 

86 

88 

88 

86 

26 

86 

87 

87 

87 

87 

86 

84 

80 

76 

80 

85 

79 

27 

8^ 

83 

86 

87 

87 

88 

87 

75 

78 

82 

80 

81 

28 

84 

87 

84 

82 

81 

82 

82 

79 

76 

72 

70* 

67* 

29 

80 

81 

82 

83 

83 

81 

79 

74 

77 

75 

77 

78 

30 

85 

85 

82 

83 

82 

83 

82 

81 

78 

76 

74 

73 

3' 

84 

83 

84 

84 

84 

85 

84 

82 

80 

76 

75 

75 

Monthly  > 
mean  i 

837 

844 

840 

851 

85-1 

851 

Syg 

797 

78-1 

795 

809 

8o*8 

Normal 

842 

848 

848 

851 

851 

851 

835 

799 

791 

797 

810 

809 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeks  Magnetic  Observatory, 

readings  referred  to  standard  temperature  of  ran;^net.    Increasing  numbers  indicate  increasing  force.] 

OCTOBER,  1886. 


I3»» 

I4»» 

iS^ 

l6h 

i7h 

i8»^ 

I9*» 

20*» 

2ih 

22^ 

23b 

Mid- 
night. 

Daily 
mean. 

90 

89 

87 

86 

83 

83 

86 

88 

87 

86 

86 

85 

86-5^ 

83 

83 

80 

1^ 

84 

86 

87 

87 

88 

88 

87 

88 

86-2 

83 

85 

86 

86 

88 

88 

89 

89 

88 

89 

88 

89 

867 

87 

88 

87 

88 

89 

88 

90 

88 

90 

89 

90 

91 

880 

91* 

86 

88 

92* 

92* 

94* 

90 

%% 

82 

89 

86 

94* 

90*2 

70* 

58* 

54* 

72* 

6o* 

69* 

67* 

79 

70* 

78 

70* 

86 

781 

82 

69* 

81 

75 

79 

76 

69* 

69* 

68* 

65* 

74 

87 

785 

74 

66* 

71* 

63* 

67* 

68* 

70* 

66* 

75 

81 

76 

74* 

72-8 

67* 

66* 

68* 

69* 

74 

76 

74* 

83 

76 

76 

83 

77 

75-2 

76 

70* 

74 

69* 

71* 

74 

74* 

80 

73 

78 

83 

79 

74-8 

78 

•77 

81 

75 

71* 

74 

76 

79 

81 

81 

81 

82 

784 

79 

77 

76 

78 

78 

79 

80 

80 

79 

79 

81 

81 

797 

86 

^Z 

79 

78 

76 

78 

77 

76 

77 

80 

84 

78 

79-8 

80 

77 

79 

82 

80 

77 

80 

81 

78 

76 

76 

78 

795 

84 

85 

85 

84 

82 

81 

82 

80 

79 

81 

81 

81 

819 

80 

80 

81 

82 

84 

84 

82 

80 

81 

81 

78 

89 

817 

82 

83 

84 

86 

87 

88 

86 

88 

86 

84 

84 

84 

84-4 

77 

70* 

79 

75 

79 

73* 

73* 

70* 

74 

80 

83 

72* 

804 

85 

83 

83 

83 

83 

83 

83 

84 

^3 

83 

83 

85 

81  4 

91* 

91 

90 

92* 

91 

89 

89 

88 

89 

87 

85 

87 

880 

81 

81 

80 

79 

80 

81 

80 

80 

80 

83 

81 

82 

825 

84 

84 

84 

84 

83 

83 

^3 

84 

83 

83 

83 

84 

829 

83 

84 

85 

86 

86 

86 

84 

84 

84 

82 

83 

83 

^yi 

86 

86 

86 

88 

87 

88 

88 

88 

86 

86 

84 

85 

850 

86 

86 

86 

86 

85 

85 

86 

86 

86 

86 

87 

86 

86-9 

86 

85 

84 

H 

84 

86 

^Z 

82 

83 

82 

84 

83 

837 

85 

81 

77 

7^ 

78 

79 

80 

82 

79 

77 

83 

82 

816 

71* 

78 

81 

82 

81 

75 

69* 

77 

77 

79 

80 

82 

78-2 

79 

81 

82 

81 

81 

82 

82 

81 

82 

82 

81 

82 

802 

76 

80 

83 

84 

87 

86 

85 

82 

78 

81 

81 

^3 

813 

77 

79 

82 

83 

86 

86 

85 

85 

82 

83 

83 

83 

821 

81  3 

797 

807 

809 

812 

815 

809 

817 

808 

8r8 

822 

833 

81-93 

81*9 

829 

825 

820 

829 

82-3 

839 

832 

8r6 

823 

826 

836 
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U.    S.    COAST   AND   GEODETIC    SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readingn  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.        'JOO  divioious  plut»  tabular  quantity,  one diviHion  — 0000109  in  parts  of  H.    All 

NOVEMBER,  1886. 
[For  the  explanation  of  tlie«o  tablea  nee  pp.  53,  54.] 


Day. 

Ih 

2h 

3»^ 

4'' 

5^ 

6h 

7h 

8h 

9h 

IO*» 

iih  Noon. 

I 

83 

83 

84 

84 

84 

84 

85 

85 

84 

81 

81 

81 

2 

86 

85 

84 

87 

82 

88 

90* 

82 

88* 

85 

81 

84 

3 

77 

80 

79 

78 

79 

80 

80 

79 

64* 

67* 

68 

68 

4 

78 

76 

77 

77 

81 

79 

81 

79 

76 

69 

65* 

62* 

5 

75 

76 

79 

76 

77 

79 

74 

73 

64* 

54* 

68 

72 

6 

76 

76 

78 

78 

74 

82 

74 

72 

68* 

73 

74 

60* 

7 

80 

77 

76 

76 

79 

77 

74 

77 

77 

76 

76 

77 

8 

80 

80 

77 

80 

77 

78 

76 

78 

80 

78 

79 

80 

9 

82 

81 

79 

79 

80 

79 

79 

78 

76 

76 

76 

77 

10 

79 

77 

78 

77 

78 

78 

78 

79 

78 

75 

75 

74 

II 

81 

81 

82 

83 

82 

81 

81 

77 

77 

78 

79 

78 

12 

79 

78 

79 

80 

80 

81 

86 

78 

75 

72 

72 

71 

13 

76 

75 

75 

79 

78 

84 

81 

84 

84 

81 

81 

79 

14 

78 

78 

79 

80 

79 

79 

80 

80 

78 

77 

78 

77 

15 

79 

79 

81 

82 

79 

78 

81 

79 

76 

75 

72 

70 

16 

77 

78 

79 

80 

^3 

84 

83 

81 

77 

78 

78 

78 

17 

80 

80 

82 

80 

73 

82 

80 

81 

78 

74 

71 

64* 

18 

77 

78 

72> 

79 

78 

79 

80 

79 

78 

79 

79 

80 

19 

79 

80 

80 

80 

83 

82 

83 

82 

83 

81 

79 

80 

20 

69 

75 

77 

73 

76 

75 

75 

75 

75 

75 

73 

68 

21 

77 

77 

79 

79 

80 

80 

80 

80 

78 

80 

80 

79 

22 

77 

77 

78 

78 

80 

80 

80 

81 

80 

78 

79 

81 

23 

74 

77 

78 

78 

81 

80 

80 

81 

78 

78 

78 

78 

24 

78 

75 

75 

77 

77 

72 

77 

79 

78 

73 

72 

69 

25 

77 

74 

75 

76 

78 

79 

79 

78 

74 

76 

76 

73 

26 

7^ 

78 

78 

78 

78 

78 

77 

77 

74 

73 

1i 

75 

27 

77 

78 

78 

78 

78 

79 

78 

78 

77 

74 

73 

72 

28 

78 

78 

79 

79 

79 

80 

79 

77 

76 

74 

74 

74 

29 

80 

78 

82 

84 

82 

86 

84 

88 

85 

81 

69 

67 

30 

78 

78 

83 

81 

85 

78 

78 

77 

76 

75 

7' 

64* 

Monthly) 
mean  \ 

78-2 

78-1 

789 

79*2 

797 

800 

79-8 

791 

771 

75-5 

75-0 

737 

Normal 

78-2 

78-1 

789 

79*2 

797 

800 

79*4 

791 

780 

766 

75*3 

75*5 

REPORT   FOR   1891-^PART   11. 


213 


HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readluga  reforretl  to  .standard  temperatare  of  magnet.    Increasing  numbera  indicate  increasing  force.] 

NOVEMBER,  1886. 


I3U 

14^ 

15b 

16" 

17^ 

i8»* 

19^ 

20h 

21I1 

22*> 

23h 

Mid- 
night. 

Daily 
mean. 

82 

83* 

84* 

86» 

88* 

88» 

88» 

88* 

88* 

86 

92* 

89* 

850«» 

77 

70 

65 

57* 

61* 

73 

72 

68 

71 

72 

76 

81 

777 

66 

67 

66 

72 

74 

74 

73 

74 

69 

82 

76 

73 

735 

59* 

62» 

58» 

61*' 

71 

68* 

66* 

73 

77 

70 

71 

74 

71*2 

72 

71 

65 

68 

72 

78 

72 

71 

81 

70 

74 

76 

724 

48* 

64* 

64* 

66» 

73 

74 

74 

71 

80 

75 

76 

73 

71-8 

77 

75 

77 

78 

78 

76 

78 

75 

77 

75 

78 

82 

770 

75 

78 

78 

77 

77 

78 

79 

76 

79 

80 

77 

82 

783 

77 

74 

73 

76 

77 

78 

79 

78 

79 

79 

75 

73 

77-5 

75 

75 

79 

79 

81 

79 

81 

81 

81 

81 

81 

80 

783 

77 

78 

77 

77 

77 

77 

78 

77 

76 

77 

71 

79 

784 

71 

70 

72 

73 

73 

76 

74 

75 

75 

76 

76 

79 

75-9 

75 

75 

77 

77 

80 

79 

79 

78 

79 

79 

79 

79 

789 

78 

78 

77 

82 

83 

83 

82 

82 

82 

81 

79 

79 

795 

68 

74 

76 

77 

72 

77 

78 

77 

76 

76 

76 

76 

764 

79 

80 

81 

82 

82 

82 

81 

79 

78 

79 

79 

81 

800 

72 

73 

71 

74 

76 

77 

76 

78 

78 

78 

76 

77 

767 

79 

74 

74 

78 

79 

79 

80 

76 

78 

76 

77 

78 

780 

79 

79 

81 

80 

81 

83 

84 

84 

83 

82 

79 

92* 

8r6 

72 

72 

74 

76 

78 

78 

76 

7? 

75 

75 

76 

76 

74-5 

79 

76 

78 

80 

81 

79 

77 

75 

77 

76 

76 

76 

783 

81 

81 

80 

80 

80 

82 

82 

82 

81 

78 

73 

74 

793 

72 

65 

69 

73 

72 

75 

69 

67* 

65* 

71 

73 

70 

74-i 

68 

72 

69 

71 

74 

77 

78 

76 

73 

74 

78 

80 

747 

72 

73 

71 

74 

76 

75 

77 

76 

73 

80 

77 

76 

75-6 

78 

79 

80 

79 

81 

80 

80 

79 

79 

78 

78 

80 

77-8 

74 

72 

75 

78 

79 

79 

79 

79 

78 

78 

78 

78 

77-0 

73 

73 

77 

80 

80 

80 

80 

81 

80 

80 

79 

80 

77*9 

67 

65 

68 

70 

70 

68* 

70 

68 

71 

73 

72 

73 

750 

74 

71 

69 

72 

76 

76 

74 

67* 

67* 

72 

67* 

80 

745 

73-2 

73-3 

73-5 

751 

767 

77-6 

77-2 

762 

769 

770 

765 

782 

7690 

74-6 

737 

740 

763 

769 

77.9 

77-2 

76-4 

77*3 

77-0 

76-3 

77*3 

i 
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U.   S.    COAST 'AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hoxirly  readings  from  th^  photographic  traces  of  the  bifilar 

(Local  mean  time.  200  divmlons  pluA  tabular  quantity,  one  division  =  0000109  in  part«  uf  H.    All 

DECEMBER,  i886. 
[For  the  explanation  of  theAo  tableH  see  pp.  53,  54.] 


Day. 

l^ 

2h 

3'* 

4^ 

5' 

6b 

7" 

8»» 

9b 

lOb 

lib 

Noon. 

I 

76 

72 

74 

73 

76 

75 

80 

7^ 

78 

74 

68 

68 

2 

75 

74 

77 

73 

80 

71 

77 

75 

76 

75 

66 

67 

3 

74 

72 

73 

72 

78 

81 

77 

82 

79 

78 

73. 

70 

4 

74 

72 

73 

75 

77 

78 

78 

77* 

70* 

73 

70 

69 

5 

74 

75 

73 

74 

76 

76 

78 

79 

78 

70 

74 

75 

6 

75 

79 

73 

75 

76 

78 

79 

77 

78 

76 

72 

70 

7 

76 

79 

79 

78 

78 

79 

81 

83 

84 

78 

77 

76 

8 

72 

71 

70 

73 

74 

75 

76 

79 

80 

79 

76 

78 

9 

76 

76 

76 

77 

78 

78 

79 

79 

81 

80 

76 

75 

lO 

76 

77 

79 

79 

79 

80 

81 

81 

81 

78 

74 

74 

II 

79 

80 

80 

80 

81 

83 

80 

82 

84 

84 

80 

87* 

12 

78 

77 

77 

81 

80 

81 

81 

82 

83 

83 

81 

81* 

'3 

80 

7« 

81 

80 

78 

80 

80 

77 

79 

78 

76 

72 

H 

79 

81 

80 

81 

80 

79 

82 

81 

82 

79 

72 

76 

IS 

80 

80 

76 

77 

81 

81 

82 

84 

80 

74 

72 

81* 

i6 

75 

76 

78 

78 

77 

79 

80 

77 

79 

77 

74 

65 

17 

7X 

76 

75 

78 

77 

78 

76 

82 

85 

77 

68 

72 

i8 

74 

75 

76 

75 

77 

78 

78 

82 

80 

77 

72 

68 

»9 

80 

77 

77 

77  . 

75 

78 

80 

81 

79 

78 

80 

82» 

20 

73 

74 

76 

76 

78 

77 

78 

79 

80 

79 

74 

72 

21 

78 

78 

78 

79 

80 

79 

80 

76 

82 

80 

73 

70 

22 

76 

76 

77 

76 

76 

78 

79 

80 

83 

83 

77 

73 

23 

74 

73 

74 

74 

76 

75 

74 

76 

77 

77 

73 

68 

24 

75 

75 

74 

74 

75 

76 

77 

78 

77 

74 

66 

67 

25 

75 

75 

76 

75 

76 

76 

77 

79 

79 

78 

75 

72 

26 

79 

78 

79 

83 

80 

80 

83 

81 

82 

76 

73 

71 

27 

73 

75 

76 

74 

73 

74 

73 

78 

78 

75 

75 

72 

28 

75 

75 

76 

75 

76 

77 

73 

77 

76 

78 

70 

63 

29 

69 

76 

76 

77 

85 

74 

80 

78 

80 

73 

70 

65 

30 

76 

72 

74 

77 

76 

74 

76 

78 

76 

77 

75 

73 

31 

74 

76 

76 

77 

76 

77 

78 

80 

79 

77 

73 

69 

Monthly  > 
mean  \ 

757 

75-8 

76- 1 

765 

77-6 

77-6 

785 

79-2 

795 

77*3 

734 

72-3 

Normal 

757 

75-8 

76- 1 

765 

77-6 

77-6 

78-5 

79*2 

79-8 

773 

73-4 

707 
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HORIZONTAL  INTENSITY  -Continued.   ' 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

reading  referred  to  atandard  temperatare  of  magnet.    Increasing  mimbeni  Indicate  increasing  force.] 

DECEMBER,  1886. 


IS'' 

I4«» 

15^ 

l6h 

l^^ 

i8>* 

19b 

20'» 

2ih 

22^ 

23>» 

Mid- 
night. 

Daily 
mean. 

69 

68 

64* 

71 

74 

70 

67 

67 

74 

70 

73 

82 

724^* 

70 

61* 

67 

70 

70 

66 

76 

72 

7« 

76 

72 

74 

72- 1 

68 

70 

70 

76 

76 

76 

75 

70 

67 

70 

73 

73 

73*9 

73 

73 

67 

74 

74 

74 

74 

72 

75 

76 

72 

72 

73*4 

71 

71 

69 

71 

68 

69 

70 

69 

74 

72 

74 

74 

731 

^2 

74 

75 

74 

75 

76 

72 

76 

73 

75 

78 

78 

75-3 

72 

68 

75 

71 

68 

66 

62* 

67 

62* 

60* 

61* 

62» 

72-6 

74 

76 

77 

78 

78 

77 

77 

76 

76 

76 

76 

75 

76-0 

74 

75 

77 

76 

77 

76 

77 

76 

74 

75 

74 

74 

765 

74 

76 

77 

78 

78 

78 

77 

76 

75 

75 

75 

77 

77*3 

78 

79 

78 

77 

78 

79 

76 

77 

78 

77 

77 

80 

797 

79 

79 

75 

77 

80 

78 

80 

79 

So 

78 

79 

78 

795 

72 

74 

76 

78 

80 

80 

77 

71 

71 

82 

77 

75 

77-2 

75 

76 

77 

79 

79 

80 

79 

78 

77 

74 

77 

77 

78-3 

69 

70 

72 

74 

77 

78 

70 

72 

74 

76 

77 

74 

763 

69 

72 

71 

72 

72 

64^ 

76 

76 

76 

73 

74 

72 

74-2 

69 

74 

76 

73 

76 

75 

76 

75 

71 

71 

74 

76 

754 

72 

76 

77 

72 

72 

72 

75 

75 

77 

76 

76 

75 

75-5 

69 

72 

1i 

74 

76 

75 

75 

75 

76 

80 

76 

74 

76-6 

72 

75 

76 

76 

78 

79 

77 

.78 

78 

78 

77 

77 

76s 

69 

70 

73 

76 

77 

77 

78 

78 

78 

78 

78 

74 

766 

69 

69 

70 

68 

73 

69 

70 

69 

•So 

71 

71 

71 

743 

66 

65 

62* 

67 

74 

75 

74 

73 

74 

73 

74 

73 

725 

67 

71 

75 

75 

74 

76 

76 

75 

76 

75 

76 

75 

741 

71 

74 

78 

82 

81 

82 

83 

76 

75 

72 

1 

70 

73 

762 

74 

69 

65 

73 

74 

73 

74 

73 

71 

72 

72 

70 

75-2 

68 

65 

71 

74 

74 

70 

74 

74 

72 

72 

82 

74 

73-6 

6i» 

73 

76 

77 

75 

74 

70 

67 

73 

70 

69 

68 

727 

63 

66 

72 

67 

68 

70 

73 

67 

68 

68 

76 

71 

722 

72 

73 

72 

73 

74 

76 

76 

75' 

74 

75 

76 

76 

74-8 

68 

70 

72 

76 

76 

75 

75 

75 

75 

74 

75 

75 

74-9. 

706 

717 

727 

74-2 

750 

74'4 

74-5 

73*5 

740 

73*9 

74-5 

74*2 

7511 

709 

72*  I 

73*4 

74-2 

750 

747 

750 

735 

74*4 

74*4 

750 

74-6 
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U.    8.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES^ 


Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local mean  time.         2)0  diyUions  plus  tabalar  quantity,  one  division  =  0'000109.in  parta  of  H.    All 

JANUARY,  1887. 


[F< 

ar  the  explanation  of  these  tables  see  ] 

pp.  53, ! 

M.\ 

Day. 

I** 

2h 

3»> 

4'* 

5»» 

6h 

7h 

8»' 

9" 

io"» 

77 

II"  ^ 
73 

• 

foon. 

I 

75 

75 

76 

76 

77 

77 

78 

78 

78 

70 

2 

78 

78 

78 

78 

78 

79 

80 

78 

81 

79 

74 

69 

3 

76 

76 

76 

79 

79 

80 

80 

79 

79 

75 

73 

68 

4 

73 

75 

72 

74 

75 

74 

77 

75 

75 

[72] 

[66] 

65  ' 

5 

74 

75 

74 

76 

76 

77 

78 

79 

78 

76 

72 

72 

6 

77 

77 

77 

79 

80 

80 

81 

81 

81 

79 

74 

73 

7 

72 

75 

74 

76 

77 

78 

79 

80 

80 

79 

73 

73 

8 

77 

77 

78 

78 

78 

80 

82 

82 

81 

78 

74 

69 

9 

75 

75 

76 

77 

78 

79 

79 

79 

77 

74 

72 

71 

10 

77 

77 

77 

78 

78 

78 

78 

79 

79 

78 

75 

73 

II 

76 

76 

78 

76 

76 

78 

78 

78 

78 

73 

69 

7« 

12 

76 

75 

75 

78 

77 

77 

78 

79 

77 

72 

68 

70 

13 

75 

74 

76 

75 

76 

77 

77 

79 

77 

74 

7' 

72 

«4 

77 

75 

79 

80 

80 

79 

79 

82 

78 

70 

57* 

67 

IS 

69 

74 

72 

73 

77 

76 

74 

69 

71 

62» 

59 

58* 

16 

72 

68 

75 

70 

70 

67* 

71 

69 

67* 

69 

66 

72 

17 

72 

73 

72 

76 

73 

74 

73 

69 

67* 

6i* 

58* 

S8« 

18 

72 

74 

74 

74 

75 

75 

77 

69 

74 

73 

69 

66 

19 

71 

73 

74 

72 

75 

75 

75 

72 

72 

68 

59 

64 

20 

73 

72 

71 

73 

74 

74 

76 

75 

71 

70 

64 

65 

21 

73 

74 

72 

74 

75 

75 

76 

77 

77 

74 

67 

64 

22 

77 

77 

76 

79 

77 

76 

82 

87* 

92* 

76 

68 

70 

23 

80 

72 

72 

72 

75 

74 

76 

78 

78 

73 

67 

65 

24 

77 

72 

73 

73 

77 

78 

76 

76 

78 

75 

71 

56* 

25 

76 

75 

76 

75 

80 

76 

73 

75 

74 

71 

59 

57* 

26 

76 

73 

74 

74 

76 

80 

76 

78 

76 

71 

61 

58* 

27 

78 

75 

73 

74 

76 

73 

73 

74 

74 

71 

60 

57* 

28 

74 

74 

74 

76 

75 

75 

76 

78 

78 

73 

66 

63 

29 

74 

72 

72 

72 

75 

75 

76 

74 

75 

70 

65 

60 

,30 

75 

74 

73 

73 

74 

75 

75 

77 

76 

73 

65 

65 

31 

74 

79 

75 

74 

76 

77 

79 

78 
769 

76 

73 

69 

70 

Monthly) 
mean  \ 

1 
74-9 

74*5 

74-6 

75*3 

763 

764 

770 

766 

729 

672 

66.2 

Normal 

74*9 

74*5 

74-6 

75-3 

763 

767 

770 

765 

768 

737 

678 

68-3 
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HORIZONTAL  INTENSITY-Continued. 

magnetometer  of  the  Los  Angel&t  Magnetic  Observatory, 

raadiiijrg  referred  to  standard  t^mperatare  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

JANUARY,  1887. 


f 

13b 

H^ 

15^ 

16*' 

lyh 

i8h 

19^ 

20^ 

2ih 

22h 

23*"  , 

Mid- 
light. 

Daily 
mean. 

70 

71 

74 

77 

78 

78 

78 

78 

78 

78 

78 

78 

76i<* 

67 

70 

76 

79 

78 

79 

79 

79 

80 

79 

78 

77 

77*1 

68 

70 

70 

7« 

72 

72 

69 

74 

73 

71 

73 

73 

740 

6^ 

68 

66 

68 

72 

71 

71 

70 

71 

72 

74 

74 

[716] 

73 

76 

74 

76 

77 

77 

77 

76 

77 

75 

75 

76 

757 

73 

77 

77 

78 

78 

81 

81 

80 

80 

81 

73 

72 

779  ' 

76 

78 

78 

78 

79 

77 

79 

78 

77 

77 

76 

76 

769 

72 

77 

78 

78 

79 

78 

77 

78 

78 

80 

77 

76 

77-6 

74 

76 

77 

77 

77  . 

7« 

78 

78 

79 

78 

78 

78 

767 

75 

8o» 

81 

82 

82 

77 

72 

76 

78 

78 

78 

77 

77-6 

72 

75 

76 

77 

78 

78 

77 

73 

69 

68 

7« 

75 

74-8 

75 

78 

78 

76 

77 

76 

76 

76 

74 

75 

75 

74 

75*5 

74 

78 

82» 

81 

82 

81 

83* 

83 

78 

77 

76 

74 

77-2 

70 

73 

75 

72 

68 

64* 

70 

72 

64 

77 

66 

73 

728 

63 

63 

66 

72 

7' 

70 

71 

7' 

72 

72 

67 

74 

694 

72 

67 

67 

72 

74 

74 

72 

74 

70 

72 

72 

73 

70-6 

60 

64 

63* 

7" 

72 

62* 

72 

74 

74 

70 

83* 

73 

694 

62 

59* 

67 

72 

73 

74 

69 

70 

69 

74 

79 

72 

713 

67 

72 

74 

72  • 

75 

72 

74 

72 

72 

73 

73 

74 

717 

67 

67 

69 

69 

71 

70 

70 

70 

72 

72 

75 

73 

710 

67 

71 

74 

74 

74 

75 

74 

73 

74 

74 

76 

73 

73-2 

66 

70 

74 

78- 

78 

77 

67 

65* 

67 

60* 

63* 

68 

73-8 

58* 

67 

72 

69 

6o» 

64* 

72 

74 

73 

72 

72 

72 

711 

62 

59* 

7" 

71 

66- 

72 

73 

71 

69 

74 

70 

7« 

713 

67 

69 

73 

73 

76 

0 

75 

72 

73 

70 

74 

68 

75 

722 

69 

70 

73 

73 

67 

73 

71 

7« 

72 

74 

74 

72 

722 

61 

68 

73 

77 

77 

76 

73 

75 

73 

70 

7« 

7' 

716 

63 

63 

66 

72 

72 

72 

72 

72 

71 

70 

68 

71 

712 

64 

64 

66 

70 

71 

72 

73 

73 

72 

72 

71 

73 

709 

68 

69 

72 

74 

75 

76 

73 

71 

70 

70 

72 

73 

724 

69 

63 

73 

74 

70 

75 

76 

77 

65 

70 

71 

77 

733 

681 

70- 1 

727 

74*3 

74-2 

74- 1 

73 '9 

74-1 

729 

73*5 

73*3 

73-8 

7349 

68-5 

705 

72-8 

743 

74-6 

75-2 

73-6 

74*4 

729 

740 

73'3 

73-8 
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U.   S.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

(Local  mean  Hm«.  200  di vUiona  plus  tabular  quantity,  one  division  =  0-000l(»9  lu  parta  of  H.    All 

FEBRUARY,  1887. 
[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I 

fh 

2h 

3»' 

4»» 

i' 

6»» 

7»> 

8»» 

9h 

IO»» 

ii»»  ] 

l^oon. 

69 

69 

72 

72 

75 

75 

76 

75 

74 

68 

62* 

58* 

2 

71 

71 

74 

73 

76 

73 

76 

77- 

77 

74 

69 

67 

3 

75 

76 

78 

78 

78 

80 

79 

79 

80 

79t 

74t 

73 

4 

74 

77 

77 

77 

79 

80 

80 

78 

78 

83 

82 

79 

5 

75 

79 

77 

75 

77 

78 

75 

78 

73 

66* 

66 

68 

6 

73 

73 

73 

74 

75 

77 

78 

78 

79 

77 

74 

75 

7 

77 

79 

82 

76 

76 

74 

78 

81 

83 

81 

78 

77 

8 

74 

73 

76 

77 

77 

76 

76^ 

78 

78 

74 

74 

76 

9 

74 

75 

78 

76 

73 

73 

75 

74 

74 

73 

73 

73 

10 

70 

71 

72 

73 

74 

74 

78 

76 

79 

83 

80 

77 

II 

76 

76 

75 

77 

76 

76 

76 

79 

82 

82 

80 

78 

12 

75 

76 

76 

81 

74 

81 

82 

84 

84 

7' 

6i» 

70 

»3 

71 

74 

75 

74 

78 

75 

79 

80 

73 

74 

69 

70 

M 

74 

76 

75 

75 

78 

78 

78 

78 

76 

75 

57* 

63 

IS 

71 

72 

74 

75 

73 

74 

74 

75 

76 

75 

73 

70 

16 

70 

70 

73 

75 

77 

79 

78 

77 

77 

77 

75 

72 

17 

71 

73 

74 

74 

76 

76 

77 

77 

76 

74 

72 

71 

18 

73 

75 

75 

75 

75 

77 

78 

79* 

79 

76 

73 

70 

19 

74 

74 

74 

75 

76 

78 

78 

78 

76 

74 

74 

72 

20 

68 

72 

72 

81 

78 

80 

79 

84 

82 

78 

77 

75 

21 

78 

74 

72 

73 

76 

74 

75 

83- 

81 

80 

78 

75 

22 

72 

70 

71 

78 

79 

76 

80 

82 

79 

76 

72 

68 

23 

76 

73 

73 

73 

72 

7« 

74 

73 

73 

76 

73 

65 

24 

71 

70 

73 

75 

74 

75 

77 

75 

75 

71 

65 

64 

25 

76 

75 

75 

74 

76 

76 

77 

^ 

81 

78 

76 

74 

26 

76 

74 

77 

77 

78 

77 

79 

79 

80 

76 

74 

71 

27 

81 

79 

78 

79 

81 

79 

75 

82 

79 

79 

76 

73 

28 

Monthly^ 
mean  ( 

77 

75 

78 

79 

78 

78 

79 
77*4 

80 
786 

81 
780 

77 
760 

74 

75 

73*6 

740 

75 -o 

757 

76*2 

764 

725 

71-4 

Normal 

73-6 

740 

750 

757 

762 

764 

77-4 

786 

780 

763 

740 

719 

t  Eye  readinga. 
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HORIZONTAL  INTENSITY— Continued. 

nuignetometer  of  the  Los  Angeles  Magnetic  Observatory, 

readingB  referred  to  standard  temperature  of  magnet.    Increasing  numbers  indicate  IncreaAing  force. ] 

FEBRUARY.  1887. 


,3h 

14" 

iS^ 

i6»* 

I?** 

i8»» 

19^ 

20»> 

2ih 

22'' 

23h 

Mid- 
night. 

Daily 
mean. 

• 
64 

66 

72 

72 

73 

71 

71 

72 

73 

73 

69 

70. 

yo'S^ 

68 

70 

73 

75 

76 

77 

77 

76 

76 

76 

75 

75 

73-8 

70 

67 

67 

62* 

63 

6o» 

62* 

63 

65 

68 

75 

75 

719 

76 

78 

76 

76 

78 

78 

78 

76 

77 

76 

76 

75 

777 

69 

68 

70 

7" 

69 

73 

72 

73 

74 

72 

74 

75 

72-8 

75 

74 

75 

75 

76 

76 

76 

76 

76 

76 

76 

77 

75-6 

79 

77 

77 

76 

73 

74 

74 

74 

73 

74 

73 

73 

766 

80 

80 

81* 

82* 

81* 

80 

78 

78 

72 

71 

66 

66 

760 

71 

7« 

70 

68 

72 

70 

70 

73 

67 

68 

70 

75 

723 

77 

79 

71 

70 

67 

70  . 

67 

72 

72 

72 

80 

75 

74-1 

79 

80 

8o» 

74 

64 

66 

70 

74 

74 

74 

75 

76 

75-8 

78 

72 

58* 

60* 

70 

62* 

68 

68 

70 

65 

69 

70 

719 

64 

68 

68 

70 

72 

75 

64 

64 

64 

71 

72 

73 

715 

69 

69 

63 

57* 

62* 

72 

72 

65 

64 

69 

72 

70 

703 

64 

66 

66 

69 

71 

72 

72 

73 

71 

72 

73 

74 

719 

72 

68 

62 

65 

68 

70 

73 

75 

71 

76 

70 

66 

723 

69 

71 

74 

74 

74 

74 

72 

73 

73 

72 

72 

73 

73*4 

69 

70 

74 

75 

74 

75 

70 

76 

75 

74 

74 

74 

74-6 

74 

73 

70 

70 

69 

69 

66 

75 

67 

64 

60^ 

66 

71-9 

75 

76 

70 

7« 

69 

70 

72 

66 

74 

64 

69 

68 

737 

67 

66 

68 

69 

69 

71 

64 

64 

68 

72 

69 

69 

723 

73 

72 

70 

71 

72 

70 

67 

71 

71 

72 

72 

69 

730 

62* 

60* 

63 

68 

68 

69 

67 

68 

71 

70 

68 

73 

700 

64 

66 

69 

72 

74 

74 

75 

73 

71 

76 

74 

73 

719 

76 

75 

78 

76  . 

.76 

76 

76 

75 

80 

72 

71 

77 

762 

69 

71 

69 

70 

74 

76 

78 

75 

75 

74 

76 

75 

750 

75 

74 

75 

74 

75 

77 

78 

78 

76 

76 

77 

77 

77*2 

[76] 

[76] 

[76] 

[76] 

78 

78 

75 

69 

70 

72 

73 

74 

[76-0] 

71-6 

71*5 

70-9 

710 

717 

723 

718 

720 

718 

719 

721 

726 

7358 

719 

71-9 

70-6 

720 

717 

73*2 

72-2 

720 

718 

71-9 

726 

726 

\ 
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_U.    8.    COAST   AXD   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES-- 

Rourly  readings  from  the  photographic  tracer  of  the  bifilar 

(rx>cal  mean  time.         *J00  divisiund  plua  tabular  quantity,  one  divisiun  =  00001 09  in  part«  of  U.    All 

MARCH,  1887. 
[For  the  explanation  of  tbeae  tables  see  pp.  53,  54.] 


Day. 

Ih 

2I. 

3'* 

4»» 

5'^ 

6»» 

• 

7»» 

S** 

9h 

IO»» 

ii»»  ] 

S'oon. 

I 

74 

78 

74 

76 

75 

75 

78 

79 

79 

83 

82 

80 

2 

73 

77 

76 

78 

77 

75 

76 

71 

81 

85 

88* 

85' 

3 

76 

76 

77 

78 

79 

78 

77 

77 

78 

80 

79 

78 

4 

[80] 

[80] 

[81] 

[80] 

[80] 

[79] 

[79] 

[78] 

[79] 

78 

78 

79 

5 

76 

77 

77 

77 

78 

80 

82 

82 

82 

82 

77 

74 

6 

74 

78 

77 

79 

77 

74 

77 

75 

76 

75 

70 

7" 

7 

72 

71 

72 

72 

74 

73 

73 

75 

78 

80 

80 

78 

8 

82 

74 

83 

72 

74 

75 

72 

75 

76 

80 

80 

77 

9 

74 

83 

81 

74 

76 

74 

73 

74 

75 

73 

74 

75 

10 

76 

77 

79 

75 

76 

74. 

76 

74 

73 

71 

68 

70 

II 

75 

73 

75 

76 

75 

75 

76 

76 

76 

73 

72 

71 

12 

75 

75 

75 

75 

75 

75 

74 

73 

73 

75 

77 

77 

»3 

77 

77 

77 

77 

77 

77 

77 

76 

78 

80 

77 

79 

«4 

75 

77 

77 

79 

79 

78 

78 

78 

80 

80 

80 

78 

15 

76 

77 

79 

77 

77 

75 

77 

78 

79 

80 

79 

82 

16   1 

74 

75 

78 

76 

76 

75 

76 

76 

75 

76 

78 

75 

17 

75 

79 

79 

78 

78 

79 

78 

77 

78 

78 

80 

79 

18 

79 

79 

80 

79 

79 

79 

77 

76 

79 

82 

84 

82 

>9 

79 

79 

81 

80 

81 

81 

82 

81 

81 

78 

82 

82 

20 

74 

79 

81 

78 

82 

80 

83 

78 

82 

80 

78 

77 

21 

79 

77 

79 

79 

73 

75 

76 

71 

70 

74 

61* 

70 

22 

7« 

79 

80 

77 

79 

80 

79 

78 

83 

70 

66* 

65* 

23 

78 

74 

78 

79 

78 

77 

80 

75 

70 

68 

67* 

68 

24 

65* 

70 

76 

75 

76 

76 

73 

75 

73 

69 

69 

70 

25 

76 

77 

79 

77 

77 

78 

77 

76 

76 

77 

77 

76 

26 

78 

78 

L79] 

[78] 

[78] 

[77] 

[77] 

76 

74 

74 

74 

74 

27 

7« 

79 

79 

79 

81 

78 

79 

78 

75 

76 

76 

74 

28  ■ 

74 

78 

78 

78 

77 

81 

79 

78 

74 

71 

68 

68 

29 

76 

78 

78 

78 

78 

78 

78 

78 

78 

78 

75 

74 

30 

80 

80 

81 

81 

80 

80 

82 

82 

81 

80 

78 

77 

3' 

81 

81 

81 

81 

8c 

80 

80 

80 

81 

80 

79 

78 

Monthly  > 
mean  \ 

76- 1 

77-2 

783 

774 

77-5 

771 

77*5 

76-6 

77-2 

770 

759 

75-6 

Normal 

765 

77-2 

783 

774 

77*5 

771 

77*5 

766 

77*2 

77-0 

767 

756 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory, 

readingn  referred  to  standard  temperature  of  ma;^et    Increasin;^  numbers  indicate  increasing  force.  ] 

MARCH,  1887. 


IS**   14**   15**    i6*»   I7*»   iS"* 


19* 


20*»   21^ 


22h   23* 


Mid- 
night. 


74  75  76  76 

74  75  75  74 

79  79  80  80 

78  78  78  78 

71  69  72  70 

70  70  70  70 

76  76  76  75 
66*  65*  70  66 

74  73  73  73 

75  74  72  72 

74  74  74  73 

74  74  74  74 

77  78  76  72 

78  80  79  78 
68  68  70  74 

72  73  74  74 

76  76  77  77 

78  76  77  78 

86*  83  79  76 

74  74  72  72 

76  76  76  75 
78  76  73  76 
65*  67  69  72 

74  73  73  73 

75  76  78  75 

77  76  74  72 

78  76  74  77 

78  77  78  76 

79  79  79  80 
81  81  80  80 


78   79   80     80   82   82     81   81 


76 

74 

73 

73 

81 

79 

76 

74 

78 

79 

78 

78 

80 

81 

80 

78 

74 

74 

79 

72 

67 

72 

70 

69 

76 

75 

73 

74 

75 

66» 

62« 

63* 

74 

71 

74 

74 

75 

77 

76 

74 

75 

79 

75 

74 

75 

78 

78 

75 

79 

79 

78 

76 

76 

80 

78 

80 

83 

83 

68 

65* 

73 

75 

74 

73 

79 

77 

76 

74 

80 

79 

80 

79 

81 

78 

80 

88« 

74 

72 

76 

76 

76 

78 

79 

75 

67 

68 

73. 

71 

71 

73 

73 

60* 

72 

74 

75 

76 

75 

77 

77 

76 

74 

74 

76 

76 

74 

75 

77 

78 

73 

75 

77 

76 

74 

77 

78 

78 

77 

79 

81 

81 

73 

76 

[80] 

78 

71 

70 

75 
69 

73 
71 

74 
75 
73 
79 
75 

76 

77 
76 

78 

79 

76 
76 
70 
75 
77 

77 

77 

75 
80 

79 
81 


73 

77 
[80] 

77 
74 

73 
78. 

7« 

70 

77 

73 
73 
73 
77 
71 

76 

77 
77 
76 

75 

76 
76 

67 

75 
76 

74 
80 

74 
80 

79 


[8 


76 
76 
o]  [80] 

75 
72 


4 

4 

2 

3 


7 
6 

5 

9 
8 


7 

7 
8 

5 
68 

6 

7 

63* 

5 


5 
5 
4 
9 


72 
72 
76 
73 
75 

76 
76 

77 
78 

75 

76 
78 
77 
75 
75 

75 

73 
64* 

76 

80 

77 
74 
76 
80 
81 


80   80   80 


Daily 
mean. 


75*5  760  75-8 
755  764  763 


747  75*4  75-1 
75*6  757  755 


751  74-8  75*5 
;5i  74-8  755 


76-o«* 

773 
[78-5] 
[78-6] 

75*5 

729 

74*9 
725 

74-2 
74-2 

747 
750 

767 

78-4 
756 

751 

775 
78-8 

801 

76'6 

74*9 

74*9 
71-1 

73*2 
767 

[757] 
770 

755 

77'9 
800 

802 


753  75-2  757 1 
73*3  756  761 


7615 


222 


U.   8.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 


Hourly  readings  from  the  photographic  tracen  of  the  hifilar 

[Local mean  tlmo.  200  divisions  plus  tabular  quantity,  one  division = 0*000109  in  parts  of  IL    All 


APRIL,  1887 

• 

• 

[F. 

or  the  explanation  of  these  tables  see  ] 

pp.  53, 

51.] 

• 

Day. 

I 

i^ 

2h 

3*^ 

4'' 

5'' 

6h 

7*^ 

8b 

9h 

lob 

II" 

[Voon. 

81 

81 

81 

83 

83 

83 

83 

82 

80 

79 

80 

81 

2 

73 

73 

74 

75 

75 

78 

79 

78 

78 

77 

77 

77 

!    3 

76 

78 

78 

85 

^Z 

78 

76 

76 

77 

78 

76 

75 

1 

4 

80 

81 

79 

80 

80 

84 

83 

83 

83 

79 

1Z 

75 

5 

70 

71 

72 

72 

74 

80 

77 

76 

77 

79 

76 

58* 

6 

77 

78 

78 

78 

81 

78 

76 

74 

74 

67 

67 

65* 

7 

68 

74 

75 

72 

72 

69* 

70 

73 

75 

74 

72 

74 

8 

74 

72 

76 

76 

76 

76 

76 

75 

70 

67 

72 

70 

9 

75 

77 

80 

74 

74 

1i 

72 

70 

66 

67 

70 

72 

lO 

74 

78 

76 

77 

76 

75 

74 

70 

66 

65* 

63* 

64* 

II 

69 

72 

85 

77 

80 

78 

72 

70 

68 

68 

67 

64* 

12 

74 

76 

76 

75 

76 

75 

73 

74 

72 

70 

67 

64* 

13 

75 

76 

78 

77 

77 

78 

76 

75 

75 

75 

73 

73 

14 

76 

79 

80 

75 

77 

81 

81 

80 

79 

79 

80 

81 

»5 

71 

69 

73 

75 

76 

76 

76 

76 

76 

76 

75 

73 

i6 

77 

80 

78 

79 

80 

81 

79 

77 

74 

72 

69 

69 

17 

76 

77 

77 

77 

77 

77 

78 

74 

73 

77 

77 

74 

i8 

79 

76 

77 

79 

79 

79 

75 

74 

76 

77 

77 

78 

19 

79 

79 

80 

79 

79 

79 

78 

76 

75 

76 

77 

77 

20 

82 

79 

80 

79 

80 

80 

78 

76 

76 

75 

76 

77 

21 

86* 

80 

76 

78 

80 

80 

79 

77 

77 

78 

78 

78 

22 

80 

83 

89* 

87 

83 

84 

81 

81 

79 

71 

73 

^l 

23 

79 

79 

81 

79 

80 

80 

79 

76 

73 

75 

76 

78 

24 

80 

79 

78 

77 

76 

78 

77 

72 

70 

71 

70 

72 

25 

88» 

76 

78 

^Z 

87 

84 

78 

72 

71 

70 

68 

68 

25 

78 

79 

79 

80 

81 

82 

80 

80 

80 

80 

76 

75 

27 

%2 

83 

82 

82 

84 

82 

82 

79 

78 

78 

78 

78 

28 

88* 

84 

82 

84 

84 

79 

76 

64* 

76 

72 

76 

75 

29 

73 

67* 

70 

72 

73 

73 

72 

70 

72 

76 

75 

75 

30 

77 

76 

78 

77 

78 

77 

74 

73 

74 

74 

75 

75 

Monthly  > 
mean  \ 

77-2 

77-1 

78-2 

78- 1 

787 

786 

770 

751 

747 

741 

73*6 

729 

Normal 

76-1 

77-4 

77-8 

73-1 

787 

789 

770 

755 

747 

744 

740 

74*9 

^ 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory, 

readiDj;i»  referred  to  standard  temperature  of  laa^oiet.    IncreaBinj;  numbers  indicate  increasing  force.] 

APRIL,   1887. 


13** 

14^ 

I5h 

i6»» 

17'* 

iSi* 

19U 
64* 

20»» 
62* 

2ih 

22^ 

23I1 

Mid- 
night. 

Daily 
mean. 

77'6'* 

82 

ss 

85 

77 

75 

71 

69 

72 

71 

75 

76 

81 

79 

80 

81 

80 

71 

64* 

74 

73 

90* 

76 

76-6 

76 

74 

76 

77 

76 

77 

78 

79 

79 

79 

80 

79 

77-8 

75 

73 

63* 

68 

72 

73 

73 

74 

76 

69 

66* 

62* 

75*2 

67 

73 

65* 

74 

66 

74 

73 

76 

76 

85* 

68 

71 

729 

71 

75 

70 

68 

73 

60* 

63* 

64* 

59* 

76 

76 

60* 

71*2 

74 

75 

76 

75 

69 

69 

62* 

68 

66 

76 

68 

74 

717 

63* 

71 

73 

72 

74 

71 

73 

74 

67 

66 

66* 

70 

717 

75 

77 

76 

77 

77 

74 

70 

69 

69 

78 

68 

70 

729 

69 

74 

77 

74 

76 

77 

74 

66 

65 

67 

64* 

67 

712 

66 

74 

75 

76 

64* 

60* 

69 

72 

73 

73 

72 

74 

71-6 

71 

73 

73 

76 

74 

75 

74 

74 

74 

74 

74 

74 

73*2 

73 

73 

75 

74 

74 

75 

79 

78 

75 

68 

71 

74 

749 

84* 

S3 

80 

80 

68 

09 

75 

64* 

66 

58* 

78 

70 

760 

74 

74 

75 

74 

74 

76 

75 

76 

74 

82 

77 

77 

750 

69 

70 

72 

76 

73 

77 

77 

76 

76 

74 

77 

74 

753 

?i 

76 

76 

76 

75 

75 

75 

76 

75 

74 

73 

73 

755 

76 

80 

79 

77 

74 

74 

76 

77 

78 

77 

78 

771 

79 

72 

78 

80 

80 

80 

81 

77 

77 

71 

77 

78 

777 

77 

78 

79 

78 

78 

78 

78 

79 

78 

81 

81 

80 

785 

78 

79 

78 

78 

79 

75 

79 

80 

78 

80 

80 

81 

788 

78 

76 

66* 

75 

76 

76 

74 

66 

75 

76 

78 

80 

77-5 

77 

80 

78 

68 

70 

68 

66 

68 

70 

76 

74 

76 

75*2 

76 

77 

79 

78 

81 

78 

-79 

76 

76 

77 

76 

79 

763 

68 

68 

71 

72 

72 

70 

73 

75 

75 

75 

77 

79 

749 

76 

77 

76 

74 

76 

79 

79 

80 

80 

8r 

81 

82 

788 

81 

85* 

84 

84 

82 

82 

82 

83 

85* 

85* 

87* 

87* 

823 

70 

65* 

66* 

69 

68 

60* 

68 

73 

71 

72 

74 

81 

740 

75 

75 

77 

71 

68 

70 

72 

70 

75 

74 

77 

76 

72-8 

76 

76 

78 

77 

75 

75 

74 

74 

75 

74 

74 

79 

755 

74-2 

75*4 

75-2 

75-2 

741 

73'3 

735 

730 

73*4 

74-8 

751 

75-2 

75-32 

743 

'75*5 

76-8 

75-2 

74-5 

747 

74-6 

74-4 

735 

747 

75-2 

75-8 
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U.   S.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES-- 

Hourly  readings  from  the  photographic  traces  of  the  hijilar 

[Local  mean  time.  2U0  divisioiiH  plus  tabular  quantity,  one  tlivisiun  =  0*000109  in  parta  of  H.    All 

MAY,   1887. 
[For  the  explanation  of  these  iablcM  see  pp.  53,  54.] 


Day. 

ih 

2h 

3" 

4»» 

5'* 

6h 

7'^ 

8h 

9h 

iot> 

llh 

Noon. 

I 

79 

79 

78 

78 

78 

76 

75 

72 

7' 

70 

68 

72 

2 

69 

72 

73 

73 

78 

73 

75 

74 

74 

76 

73 

65* 

3 

74 

73 

73 

75 

76 

76 

74  • 

73 

74 

75 

75 

73 

4 

76 

78 

78 

78 

75 

72 

7" 

73 

68 

66 

68 

69 

5 

75 

76 

74 

75 

77 

77 

77 

73 

71 

67 

68 

69 

6 

76 

75 

76 

76 

76 

76 

74 

72 

72 

70 

71 

71 

7 

76 

76 

76 

76 

76 

74 

73 

73 

74 

71 

7' 

7« 

8 

77 

79 

78 

80 

77 

78 

79 

76 

75 

73 

71 

72 

9 

79 

78 

78 

79 

78 

79 

78 

77 

78 

76 

76 

80 

10 

78 

79 

78 

79 

79 

78 

80 

79 

78 

75 

74 

73 

II 

78 

78 

77 

78 

79 

77 

76 

82 

79 

76 

72 

74 

12 

85 

88* 

86* 

88* 

87* 

88* 

85 

87* 

89* 

92* 

92* 

93* 

«3 

85 

79 

78 

78 

80 

78 

81 

79 

83 

76 

74 

76 

14 

75 

74 

75 

77 

76 

77 

80 

78 

77 

74 

69 

69 

'5 

76 

78 

80 

79 

78 

78 

75 

78 

78 

76 

74 

72 

16 

75 

77 

77 

79 

78 

76 

76 

73 

76 

77 

76 

74' 

17 

78 

80 

76 

76 

75 

77 

75 

73 

70 

72 

74 

72 

18 

73 

74 

75 

74 

76 

76 

76 

74 

73 

75 

74 

74 

19 

81 

75 

76 

75 

76 

74 

73 

73 

75 

77 

77 

74 

20 

76 

76 

76 

76 

76 

77 

76 

74 

75 

78 

78 

77 

21 

78 

78 

*:.79 

79 

81 

81 

77 

7' 

71 

73 

76 

78 

22 

79 

78. 

78 

77 

77 

78 

77 

74 

72 

72 

71 

74 

23 

80 

80 

80 

82 

^3 

S3 

80 

76 

76 

76 

79 

80 

24 

70 

69 

72 

72 

72 

74 

70 

63* 

68 

72 

73 

69 

25 

69 

83 

73 

74 

72 

73 

68 

74 

75 

75 

78 

78 

26 

72 

70 

73 

73 

74 

75 

77 

75 

74 

76 

76 

80 

27 

80 

82 

81 

82 

78 

75 

72 

71 

73 

78 

79 

75 

28 

78 

72 

72 

72 

75 

75 

75 

75 

7' 

72 

77 

80 

29 

77 

77 

77 

78 

78 

78 

75 

75 

78 

78 

76 

75 

30 

77 

81 

80 

79 

S3 

80 

79 

78 

81 

79 

79 

78 

31 

79 

79 

79 

79 

83 

80 

80 

76 

78 

80 

81 

77 

Monthly) 
mean  \ 

76-8 

77*2 

768 

77*3 

77-6 

771 

76- 1 

74*9 

751 

74*9 

74-8 

74-6 

Normal 

76-8 

768 

765 

76-9 

77-3 

767 

76- 1 

749 

74-6 

74*4 

74*3 

74*3 

% 
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HORIZONTAL  INTENSITY— Cunlinucd. 

magnetometer  of  the  JjOh  AiKjeles  Magnet iv-  Observatory, 

rf^tlin^rt  rulerreU  to  Htnndnrd  tt'iiipcratiirc  uf  niagimt.     lTicrea»ing  »anil>ers  indicate  increasiiig  force.] 


1 
J 

MAY,  1887. 

,3h 

H"* 

iSh 

i6»> 

17'^ 

78 

19'' 
79 

20^ 

2ih 

22^ 

23h 

Mid- 
night. 

Daily 
mean. 

72 

72 

77 

78 

78 

80 

79 

75 

72 

58* 

74-8'* 

7> 

76 

74 

76 

71 

58* 

70 

68 

83 

69 

70 

79 

725 

71 

69 

72 

74 

72 

66 

63* 

72 

70 

70 

80 

75 

727 

69 

73 

75 

70 

69 

67 

6i» 

69 

7S 

74 

74 

74 

71-9 

69 

72 

75 

74 

71 

70 

73 

71 

7S 

76 

79 

76 

733 

74 

77 

76 

79 

77 

77 

71 

72 

73 

75 

76 

76 

745 

70 

73 

73 

74 

76 

75 

73 

73 

74 

75 

76 

77 

740 

76 

78 

77 

74 

74 

76 

76 

73 

74 

76 

77 

77 

760 

81 

82 

79 

78 

76 

72 

74 

75 

76 

78 

78 

82 

77-8 

72 

72 

72 

72 

73 

76 

76 

75 

76 

75 

76 

77 

759 

75 

76 

78 

78 

80 

79 

81 

84* 

S3 

80 

82 

85 

786 

84* 

83 

76 

75 

60* 

57* 

68 

76 

73 

70 

78 

78 

807 

77 

75 

72 

71 

72 

72 

74 

66 

67 

68 

72 

74 

75-3 

72 

70 

73 

72 

77 

72 

71 

68 

78 

70 

75 

76 

740 

71 

73 

72 

71 

71 

72 

72 

75 

75 

74 

80 

74 

751 

73 

72 

72 

73 

72 

74 

74 

73 

75 

75 

76 

78 

75-0 

73 

72 

71 

70 

70 

^>7 

69 

72 

71 

68 

68 

79 

728 

74 

78 

78 

78 

79 

Sz* 

63* 

67 

67 

72 

69 

76 

740 

72 

69 

73 

73 

74 

74 

75 

74 

74 

73 

75 

76 

74-5 

79 

80 

82 

77 

78 

76 

76 

76 

76 

76 

77 

78 

769 

78 

80 

80 

78 

76 

76 

78 

79 

79  ' 

79* 

79 

78 

77-6 

80 

79 

78 

74 

74 

76 

77 

77 

77 

78 

79. 

80 

765 

84* 

90* 

89* 

76 

68 

64 

56* 

67 

70 

70 

81 

75 

769 

71 

66* 

70 

61* 

60* 

64 

66 

64 

63* 

69 

67 

78 

68-5 

73 

74 

70 

69 

68 

69 

72 

72 

73 

73 

74 

72 

730 

87* 

80 

76 

74 

76 

76 

77 

77 

78 

78 

79 

78 

763 

77 

72 

72 

73 

63* 

66 

67 

70 

66 

72 

70 

71 

735 

80 

80 

7« 

75 

75 

74 

74 

76 

76 

76 

76 

76 

75*4 

74 

74 

74 

73 

71 

73 

71 

73 

72 

73 

74 

79 

75  I 

76 

74 

76 

74 

75 

75 

75 

72 

72 

70 
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U.    6.   COAST   AND   GEODETIC   SURVEY, 


DIFFERENTIAL  MEASURES— 


Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[  Local  mean  time.  200  di  viAtoiia  plua  Ubolar  qiiantit}',  one  diviBion  —0000100  in  i>artii  uf  U.    All 

JUNK,  1887. 
[Fur  tbe  explanation  uf  tlHMSc  tablon  Hi>t*  pp.  bA,  54.] 
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HORIZONTAL  IN TEJ^ SI TY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory, 

readiDgs  referred  to  standard  temperature  of  ina;;nGt.    lucroaMiu^  numbvrB  indicate  increasing  force.] 

JUNE,  1887. 
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U.   S.    COAfeT   AND   GfiODKTIC    SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readingtifrom  tlie  photographic  traces  of  the  hifilar 

[liOcal  mean  time.  200  divisions  plus  tabalar  quantity,  one  division  —  0-000109  in  partti  of  U.    AU 

JULY,  1887. 
[For  the  explnnatiuQ  of  these  t4ibl<*s  »ee  pp.  53,  54.] 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Obnein*atory. 

ifcadiug»4 1'ttferred  to  Ht^iudarU  toiupcrature  of  loagnet.    lucreiMiu^  uiimben  iudicate  Increa^iag  force] 

JULY,  1887. 
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U.    S.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  phot4>graphie  traces  of  the  bijilar 

m 
[Local  mean  time.  200  diviHiuun  plnA  tabular  quantity,  one  divisiou  =000(1109  in  parts  of  U.    All 

AUGUST,  1887. 
[For  the  explanation  of  tlifst*  tablos  see  pp.  53,  54.] 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angelea  Magnetic  Observatory. 

niuliugti  referrod  to  fltandanl  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

AUGUST,  1887. 
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^7 

69 

70 

73 

681 

73 

69 

64 

64 

65 

65 

66 

62* 

65 

66 

69 

72 

694 

73 

70 

67 

69 

70 

69 

69 

69 

65 

72 

72 

77 

72*1 

70 

71 

70 

67 

65 

67 

69 

72  . 

'  77 

75 

70 

81 

721 

72 

70 

72 

67 

64 

69 

69 

69 

68 

78 

68 

71 

71-6 

64* 

68 

72 

67 

67 

68 

7i 

73 

73 

74 

74 

74 

71-2 

74 

71 

69 

69 

73 

74 

74 

74 

73 

75 

75 

76 

74-5 

72 

72 

74 

74 

74 

75 

75 

76 

75 

75 

76 

76 

74-5 

76 

73 

73 

73 

73 

75 

76 

66 

76 

77 

77 

76 

750 

72 

72 

74 

74 

76 

76 

76 

76 

78 

77 

78 

78 

759 

80 

83* 

88* 

76 

74 

76 

75 

71 

70 

72 

72 

74 

.  769 

70 

71 

67 

69 

67 

69 

74 

73 

76 

75 

75 

75 

740 

66 

65 

64 

65 

68 

72 

71 

64 

7' 

72 

72 

72 

711 

74 

75 

68 

69 

71 

73 

74 

75 

74 

74 

74 

76 

735 

71 

70 

71 

72 

74 

75 

76 

76 

74 

75 

75 

74 

73-8 

76 

72 

70 

70 

72 

75 

75 

76 

75 

75 

74 

74 

744 

75 

75 

75 

75 

74 

76 

77 

77 

78 

78 

77 

77 
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80 

78 

78 

74 

77 

79 

80 

80 

76 

74 

75 

77 

773 

72 

71 

71 

71 

72 

74 

74 

75 

76 

75 

76 

76 

75-0 

74 

72 

69 

69 

68 

71 

73 

72 

74 

74 

74 

75 

739 

75 

73 

73 

79 

74 

75 

76 

74 

72 

70 

72 

74 

747 

76 

73 

74 

72 

73 

79 

78 

78 

77 

76  . 

77 

76 

75-2 

78 

78 

75 

73 

74 

75 

74 

75 

74 

74 

75 

75 

75-5 

78 

76 

73 

76 

74 

77 

76 

76 

76 

76 

76 

77 

768 

77 

79 

79 

8o» 

79 

76 

76 

77 

77 

76 

75 

75 

756 

571^ 

56* 

58* 

54* 

58* 

68 

70 

63* 

58* 

53* 

65 

77 

672 

68 

55* 

60* 

63 

60* 

62* 

-58» 

63* 

68 

64* 

80 

76 

677 

71 

71 

70 

68 

69 

64 

65 

70 

70 

80 

72 

74 

702 

73 

66 

73 

75 

71 

67 

64 

64 

73 

69 

69 

76 

70s 

731 

713 

705 

695 

693 

708 

716 

707 

714 

72*0 

72-8 

749 

7286 

740 

72-0 

71-2 

706 

• 

•713 

720 

730 

729 

73*2 

74-2 

733 

75*5 
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U.    S.    COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES^ 
Hourly  readings  from  the  photographic  tracen  of  the  hi  filar 

'Local  meuD  time.  200  divUioiis  pliu  tabular  quuutity.  one  (HriHioii   -u-iKHJlUU  ia  pai'ta  of  U.    All 

SEPTEMHER,  1887. 
[For  the  explanation  of  thexi^  tahlcA  «oo  pp.  53,  &4.] 


Day. 

it» 

2h 

3'*  • 

4" 

S"" 

6" 

7" 

8»' 

9" 

io'» 

ii'«  Noon. 

I 

73 

74 

77 

76 

73 

72 

69 

68 

71 

67 

68 

7' 

2 

71 

71 

72 

73 

69 

71 

69 

65 

60 

64 

64 

62 

3 

74 

72 

74 

73 

72 

70 

68 

66 

68 

70 

72 

70 

4 

72 

7» 

71 

72 

71 

71 

69 

67 

67 

67 

67 

67 

5 

71 

72 

73 

73 

73 

72 

70 

67 

68 

71 

74 

75 

6 

71 

72 

73 

75 

72 

72 

69 

68 

66 

69 

72 

72 

7 

72 

73 

73 

74 

74 

74 

73 

72 

70 

72 

71 

7-' 

8 

74 

75 

75 

75 

75 

74 

72 

73 

75 

75 

75 

74 

9 

77 

77 

76 

75 

74 

75 

73 

71 

72 

74 

75 

75 

10 

7« 

71 

79 

80 

73 

80 

77 

76 

74 

71 

70 

69 

II 

73 

74 

72 

74 

76 

72 

74 

71 

70 

70 

70 

71 

12 

72 

74 

74 

73 

74 

72 

7» 

70 

69 

72 

73 

73 

13 

73 

74 

74 

74 

72 

71 

68 

68 

66 

68 

68 

64 

14 

74 

75 

76 

77 

77 

75 

74 

71 

74 

76 

76 

70 

'5 

69 

70 

71 

71 

73 

72 

71 

65 

62 

68 

70 

7' 

16 

70 

69 

70 

74 

72 

72 

66 

65 

f'5 

68 

66 

71 

17 

76 

69 

70 

71 

72 

72 

69 

66 

6u 

68 

70 

6y 

18 

72 

70 

71 

72 

73 

73 

71 

70 

69 

69 

68 

68 

19 

76 

75 

75 

74 

74 

74 

72 

72 

74 

73 

72 

69 

20 

74 

74 

74 

74 

74 

74 

71 

69 

69 

70 

71 

71 

21 

74 

73 

83* 

79 

79 

7« 

75 

71 

76 

68 

69 

72 

22 

68 

69 

70 

70 

70 

70 

70 

67 

68 

69 

O9 

69 

23 

74 

74 

74 

73 

73 

74 

76 

76 

73 

68 

66 

68 

24 

65 

68 

70 

70 

72 

72 

67 

70 

67 

71 

71 

72 

25 

75 

76 

77 

75 

79 

79 

70 

74 

64 

67 

58"^ 

57* 

26 

6o» 

57* 

62* 

70 

66 

64 

62 

59* 

60 

63 

64 

63 

27 

64 

61* 

68 

66 

73 

65 

62 

62 

65 

68 

63 

54* 

28 

65 

61* 

63* 

68 

66 

65 

03 

65 

65 

65 

62 

t>5 

29 

72 

77 

64 

70 

68 

69 

75 

68 

65 

64 

03 

68 

30 

74 

74 

68 

67 

67 

68 
721 

66 

66 

61 

f)0 

68-8 

62 
68-6 

68 

Monthly? 
mean  j| 

718 

714 

72-3 

729 

725 

70-3 

68-6 

680 

687 

Normal 

722 

727 

726 

72-9 

725 

721 

703 

689 

68-0 

68-8 

690 

69-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory, 

leudiugA  i-oferred  to  •taudurd  t«iupoi'ature  of  iiiaj^iiKt.    Iiicreaaiug  uombers  iudicute  locreaaiug  force.] 

SEITEMHKR,   1887. 


12^" 

I4»» 

IS"* 

i6i> 

lyh 

i8'» 

I9»» 

20'» 

2l'> 

22l» 

23h 

Mitl- 
niy;lit. 

Daily 
mean. 

70 

61 

62 

65 

65 

68 

71 

65 

73 

70 

70 

79 

69*  9'* 

65 

64 

68 

68 

66 

68 

64 

<i7 

76 

68 

70 

70 

677 

68 

69 

69 

68 

67 

64 

66 

70 

68 

72 

66 

69 

694 

68 

69 

71 

73 

72 

70 

68 

69 

70 

71 

70 

71 

698 

75 

73 

70 

71 

71 

72 

72 

70 

70 

70 

69 

71 

714 

72 

71 

71 

72 

72 

72 

72 

72 

72 

72 

72 

72 

71*3 

73 

73 

74 

74 

74 

75 

74 

73 

74 

73 

73 

72 

73-0 

73 

75 

78 

7« 

77 

75 

75 

75 

75 

76 

76 

76 

75-0 

76 

76 

73 

76 

7« 

77 

77 

78 

82* 

65 

72 

73 

74-9 

74 

71 

74 

72 

68 

69 

71 

73 

73 

72 

73 

73 

73*4 

67 

59* 

58* 

62 

68 

72 

70 

71 

70 

69 

73 

71 

699 

72 

72 

70 

72 

71 

72 

72 

72 

72 

73 

76 

76 

724 

65 

67 

71 

73 

74 

75 

75 

76 

75 

74 

75 

75 

71-4 

71 

69 

72 

76 

76 

73 

76 

73 

73 

68 

68 

70 

73*3 

68 

71 

71 

69 

61* 

59* 

63 

61* 

62 

67 

71 

70 

678 

73 

72 

74 

74 

73 

72 

68 

68 

72 

71 

70 

75 

704 

72 

76 

76 

74 

72 

72 

70 

71 

70 

70 

70 

70 

709 

68 

70 

70 

.70 

71 

72 

74 

72 

73 

74 

74 

75 

712 

66 

66 

67 

69 

70 

71 

72 

72 

7' 

72 

73 

73 

71-8 

72 

73 

73 

73 

74 

74 

74 

72 

72 

73 

71 

71 

724 

71 

70 

72 

74 

75 

76 

74 

73 

62 

60* 

69 

64 

72-4 

69 

69 

70 

70 

7' 

72 

72 

71 

71 

71 

71 

72 

699 

66 

66 

62 

6o» 

70 

70 

71 

70 

69 

68 

62 

58* 

69*  2 

72 

72 

71 

71 

74 

73 

73 

74 

74 

73 

72 

74 

71-2 

54* 

47* 

37* 

3o» 

13* 

15* 

48* 

24* 

62 

51* 

42* 

56* 

557 

62 

59* 

52* 

51* 

54* 

56* 

62 

54* 

59* 

62 

64 

6o» 

6o*2 

51* 

52* 

47* 

46* 

56* 

54* 

56* 

59* 

70 

6o» 

65 

68 

6o-6 

64 

66 

64 

62 

67 

69 

68 

67 

66 

75 

68 

68 

657 

67 

65 

65 

64 

63 

67 

65 

69 

65 

62 

69 

70 

672 

69 

68 

69 

65 

63 

63 

69 

68 

67 

69 

68 

68 

670 

68-4 

677 

67-4 

674 

675 

679 

694 

68-3 

70-3 

69-0 

694 

703 

6954 

69-6 

698 

703 

706 

708 

71-3 

706 

71-2 

70-3 

70*4 

703 

717 
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U.    S.   COAST   AND   GEODETIC   STTRVEY. 


DIFFERENTIAL  MEASURES— 


[Local  mean  time. 


Hourly  readings  fram  the  photographie  tnuwH  of  the  bijilar 

200  lUvirtlnnA  pliiA  Ubul.ir  quantity,  one  divUion  —  0-0«i0109  in  parti)  of  U.    All 

OCTOBER,  1887. 
[Fur  the  explanatiim  of  theite  tables  »e«  pp.  GU,  .'>4.] 


Day. 
I 

I»» 

2h 

3" 
70 

4»' 
69 

S** 

6»« 

7»' 
69 

64 

9U 

10^ 

ii»«I 
[66] 

Coon. 

71 

71 

70 

69 

62 

65 

[67] 

2 

68 

67 

68 

68 

70 

71 

72 

68 

63 

60 

65 

66 

3 

70 

70 

70 

72 

70 

72 

74 

73 

70 

66 

64 

65 

4 

72 

72 

72 

73 

73 

72 

73 

70 

66 

64 

66 

69 

5 

70 

72 

73 

76 

74 

75 

76 

74 

70 

67t 

69 

73 

6 

73 

73 

74 

74 

74 

73 

72 

70 

69 

70 

72 

73 

7 

68 

70 

70 

71 

71 

71 

71 

72 

68 

68 

73 

75 

8 

73 

74 

73 

73 

74 

74 

72 

72 

69 

68 

68 

67 

9 

72 

72 

72 

74 

74 

73 

73 

72 

67 

68 

71 

70 

10 

72 

73 

74 

75 

75 

72 

74 

72 

67 

67 

69 

67 

II 

70 

71 

71 

71 

71 

70 

68 

65 

63 

63 

69 

72 

12 

66 

64 

67 

71 

72 

67 

65 

64 

62 

60 

63 

62 

13 

68 

68 

71 

69 

71 

71 

70 

67 

62 

65 

64 

69 

14 

66 

66 

68 

70 

69 

69 

68 

67 

65 

66 

69 

69 

15 

68 

69 

7' 

70 

70 

70 

69 

68 

67 

67 

69 

71 

16 

71 

72 

70 

74 

73 

72 

72 

70 

68 

68 

70 

72 

17 

71 

75 

72 

72 

72 

72 

73 

7« 

70 

70 

71 

72 

18 

71 

72 

73 

73 

73 

73 

72 

70 

68 

70 

70 

68 

19 

73 

72 

72 

72 

74 

72 

72 

72 

6^ 

68 

67 

67 

20 

71 

71 

72 

72 

72 

71 

70 

69 

68 

69 

69 

68 

21 

71 

71 

72 

72 

72 

72 

72 

71 

69 

68 

70 

69 

22 

69 

67 

67 

69 

67 

74 

77 

82* 

77* 

64 

64 

62 

23 

63 

72 

70 

69 

7' 

65 

65 

68 

65 

57 

59 

60 

24 

65 

66 

66 

66 

66 

65 

67 

70 

69 

69 

68 

67 

25 

69 

68 

69 

70 

70 

69 

66 

67 

67 

67 

66 

64 

26 

69 

71 

77 

71 

66 

8o» 

69 

60 

55* 

52* 

61 

61 

27 

69 

69 

67 

64 

68 

66 

63 

63 

62 

59 

61 

61 

28 

65 

65 

65 

66 

66 

66 

64 

64 

64 

62 

61 

62 

29 

66 

66 

66 

66 

67 

67 

67 

66 

66 

64 

62 

62 

30 

58* 

63 

66 

65 

69 

70 

71 

64 

65 

63 

64 

62 

3^ 

64 

66 

65 

65 

64 

63 

62 

60 

57* 

57 

5« 

61 

Monthly? 
mean  i 

68-8 

69*6 

70- 1 

704 

70-6 

705 

699 

68-5 

661 

649 

66-4 

66*9 

Normal 

69' I 

69*6 

70-1 

704 

70-6 

70-2 

699 

681 

66-4 

653 

66-4 

66*9 

t£>e  reading. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory, 

readings  referred  to  ntaudanl  temperatnre  of  magnet.    luereatting  numbera  indicate  increasing  force.] 

OCTOBER,  1887. 


,3h 

14»' 

15" 

16'' 

I7»» 

i8h 

191* 

20»» 

21'* 

22h 

23*» 

Mid. 
night. 

Daily 
mean. 

67] 

t^S] 

[68] 

[69] 

[69] 

68 

71 

68 

66 

70 

67 

67 

[67-9]d 

67 

68 

67 

69 

69 

70 

70 

70 

71 

71 

71 

71 

68-3 

66 

68 

70 

71 

70 

71 

71 

71 

71 

71 

70 

71 

699 

70 

72 

73 

73 

74 

74 

74 

74 

74 

74 

73 

71 

716 

75 

74 

73 

72 

73 

71 

72 

72 

72 

72 

73 

74 

72*6 

72 

69 

71 

70 

70 

65 

60 

61 

65 

68 

67 

66 

696 

73 

75. 

69 

71 

70 

72 

72 

70 

73 

71 

72 

73 

71*2 

69 

71 

70 

70 

70 

72 

72 

72 

72 

72 

72 

72 

713 

72 

71 

70 

71 

72 

73 

73 

73 

72 

72 

72 

70 

71-6 

69 

71 

70 

70 

69 

71 

66 

63 

67 

69 

70 

71 

70*1 

71 

69 

69 

70 

71 

73 

74 

74 

71 

63 

63 

67 

69-1 

63 

6j 

66 

69 

69 

69 

62 

63 

62 

65 

64 

73 

654 

69 

63 

65 

68 

67 

63 

59* 

67 

63 

66 

65 

67 

66-5 

67 

64 

65 

67 

64 

67 

67 

69 

68 

68 

68 

68- 

67-3 

70 

69 

70 

69 

69 

71 

70 

71 

72 

72 

71 

70 

697 

74 

73 

71 

70 

72 

70 

75 

73 

75 

70 

72 

77 

718 

72 

72 

68 

67 

68 

68 

68 

66 

69 

69 

69 

71 

703 

68 

70 

72 

71 

71 

72 

72 

70 

70 

72 

72 

71 

71-0 

69 

72 

73 

72 

72 

72 

72 

71 

71 

71 

70 

70 

71-0 

^ 

69 

70 

71 

72 

70 

70 

70 

71 

71 

71 

70 

702 

70 

72 

73 

75 

77 

76 

76 

70 

69 

63 

63 

66 

708 

62 

69 

62 

77 

67 

67 

69 

64 

67 

66 

66 

64 

68-3 

56* 

59 

60 

60 

58* 

59* 

60 

67 

63 

65 

66 

63 

633 

67 

66 

65 

66 

68 

68 

70 

70 

69 

68 

68 

68 

67-4 

66 

69 

69 

71 

71 

72 

71 

70 

71 

70 

69 

68 

687 

60 

59 

51* 

54* 

56* 

58* 

56* 

59* 

60 

63 

61 

66 

62*3 

60 

58* 

58* 

60 

60* 

62 

61 

65 

63 

62 

65 

65 

630 

62 

62 

63 

64 

64 

65 

65 

64 

64 

64 

65 

65 

64*0 

65 

66 

68 

69 

68 

66 

66 

66 

68 

69 

66 

66 

66-2 

63 

63 

60 

62 

66 

66 

65 

65 

65 

64 

64 

64 

645 

62 

62 

64 

64 

65 

65 

64 

65 

66 

65 

65 

65 

63- 1 

673 

675 

67-2 

68-4 

68-4 

68-6 

68-2 

68-2 

68-4 

68-3 

681 

687 

68-33 

676 

679 

68-1 

68-9 

69s 

693 

689 

685 

68-4 

68-3 

68- 1 

687 
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U.    S.    COAST   AND    GEODETIC   SURVEY 


DIFFERENTIAL  MEASURES— 

Hourly  rmdimjs  from  the  photoffraphie  traces  of  the  bi filar 

[Locul  mean  time.  *2;>i)  ilivi<<ioiis  \t\uA  tabular  quantity,  one  diviAiun  ^rU-OtHJlOS  iu  part4  of  U.     All 

NOVEMBER,  1887. 
[Fur  the  exi»l:inatlon  of  tlir^se  tableH  ho«!  )>p.  Til,  54.] 


Day. 

i»' 

oh 

3»' 

4" 

5" 

6»' 

yh 

8" 

9h 

'  lo'' 

ii»» 

N^o<.m. 

I 

65 

66 

66 

67 

67 

68 

68 

65 

64 

63 

63 

67 

2 

66 

67 

68 

68 

68 

68 

66 

63 

63 

64 

68 

68 

3 

65 

64 

67 

68 

68 

64 

74 

72 

69 

65 

62 

00 

4 

65 

66 

66 

67 

67 

67 

^>7 

66 

66 

68 

65 

^5 

5 

68 

67 

67 

68 

^>7 

67 

68 

67 

67 

65 

66 

65 

0 

68 

69 

69 

70 

70 

7» 

71 

72 

71 

69 

67 

6S 

7 

71 

69 

69 

69 

71 

70 

69 

69 

70 

70 

70 

70 

8 

70 

70 

71 

73 

71 

72 

69 

64 

5Si 

63 

63 

63 

9 

65 

75 

64 

67 

68 

70 

6y 

69 

64 

67 

63 

60 

10 

64 

74 

68 

69 

68 

7' 

73 

69 

70 

64 

60 

59 

II 

68 

68 

65 

66 

66 

67 

68 

69 

68 

65 

63 

66 

12 

66 

67 

66 

66 

66 

68 

68 

69 

67 

64 

63 

64 

13 

69 

68 

68 

69 

70 

70 

71 

69 

67 

64 

63 

64 

14   • 

71 

66 

66 

67 

68 

68 

67 

66 

64 

65 

06 

66 

15 

68 

68 

68 

69 

69 

68 

68 

67 

65 

61 

60 

61 

16 

66 

67 

68 

69 

68 

68 

68 

68 

68 

68 

67 

67 

17 

69 

69 

70 

72 

74 

74 

74 

76 

72 

70 

66 

66 

18 

64 

64 

65 

65 

66 

68 

68 

68 

70 

7<> 

68 

68 

»9 

70 

64 

66 

69 

70 

70 

72 

70 

70 

66 

66 

65 

20 

60 

60 

66 

66 

65 

67 

66 

63 

65 

60 

6o 

59 

21 

64 

83* 

59 

57* 

63 

62 

66 

65 

54* 

50* 

44* 

42» 

22 

57 

60 

62 

58* 

62 

62 

63 

63 

62 

59 

59 

63 

23 

59 

60 

62 

63 

63 

63 

64 

<^3 

64 

65 

63 

60 

24 

66 

64 

64 

65 

65 

66 

65 

65 

66 

66 

64 

64 

25 

63 

66 

65 

64 

65 

65 

60 

66 

63 

62 

61 

65 

26 

64 

65 

66 

66 

66 

66 

66 

66 

66 

65 

65 

68 

27 

68 

68 

68 

69 

68 

67 

67 

69 

70 

68 

66 

68 

28 

66 

66 

65 

67 

68 

68 

69 

70 

69 

69 

65 

66 

29 

65 

68 

69 

68 

66 

64 

67 

62 

65 

66 

62 

64 

30 

65 

66 

69 

63 

65 

66 

67 

66 

67 

64 

60 

64 

Monthly^ 
mean  \ 

658 

671 

66-4 

668 

673 

67s 

68- 1 

672 

661 

648 

633 

637 

9 

Normal 

658 

66-6 

66-4 

675 

673 

67-5 

681 

67-2 

66-6 

653 

639 

64-5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatori/. 

readings  referred  to  standard  temperature  »f  ina;;net.    Increasing  numbers  indicate  increasing  force.] 

NOVEMBER,  1887. 


I3»»      i4*»      1$^        i6*»      ly*"      i8^»         19^     2ot»      21' 


22*»     23' 


Mid- 
night. 


64*0    642    65  I 
64-6    649    655 


651     655     65-4 
660    661     658 


655     650    64-4 
66*3    657    65-3 


Daily 
mean. 


66 

64 

65 

65 

66 

66 

64 

63 

62 

64 

63 

65 

65i'» 

66 

68 

68 

67 

66 

66 

66 

66 

67 

69 

73 

65 

66-8 

62 

63 

62 

63 

66 

66 

65 

64 

64 

64 

65 

65 

653 

63 

62 

65 

66 

67 

66 

69 

68 

68 

66 

66 

66 

661 

65 

65 

66 

68 

08 

68 

68 

68 

68 

69 

68 

67 

671 

67 

68 

69 

70 

70 

69 

69 

69 

69 

68 

67 

68 

690 

70 

70 

71 

71 

72 

71 

71 

70 

70 

71 

70 

70 

702 

66 

67 

59 

57 

66 

65 

66 

65 

63 

67 

65 

66 

658 

65 

66 

67 

64 

60 

66 

66 

64 

63 

64 

64 

64 

656 

59 

62 

63 

65 

66 

65 

65 

66 

65 

66 

65 

67 

660 

71 

70 

73 

65 

66 

67 

67 

67 

66 

66 

65 

66 

670 

65 

65 

65 

66 

68 

68 

70 

68 

66 

65 

66 

67 

66-4 

66 

66 

67 

68 

68 

67 

65 

67 

67 

68 

68 

66 

673 

65 

68 

69 

69 

69 

70 

70 

69 

68 

66 

67 

67 

674 

62 

66 

67 

70 

70 

70 

69 

69 

68 

68 

68 

67 

66-9 

69 

71 

69 

69 

70 

70 

70 

70 

69 

69 

68 

69 

68-5 

60 

60 

62 

63 

58 

59 

61 

62 

59 

57 

58 

60 

655 

67 

65 

68 

68 

70 

70 

66 

62 

64 

64 

66 

65 

66-6 

65 

66 

68 

66 

66 

60 

54* 

55* 

51* 

52* 

59 

57 

640 

62 

57 

60 

60 

61 

59 

65 

64 

65 

66 

63 

66 

627 

48* 

44* 

53* 

49* 

49* 

55* 

56* 

57 

55* 

55* 

59 

66 

565 

56 

57 

57 

55* 

60 

59 

64 

56* 

58 

67 

62 

55* 

59-8 

58 

58 

59 

61 

61 

61 

62 

63 

63 

63 

62 

61 

617 

63 

63 

63 

64 

65 

65 

64 

64 

64 

64 

64 

64 

645 

64 

63 

63 

64 

64 

65 

64 

65 

64 

63 

62 

63 

640 

69 

68 

68 

67 

67 

68 

67 

66 

65 

64 

66 

67 

66-3 

68 

70 

71 

71 

69 

67 

67 

68 

67 

64 

64 

63 

677 

69 

70 

70 

69 

68 

64 

67 

66 

69 

63 

62 

60 

669 

62 

62 

63 

66 

64 

66 

64 

66 

63 

63 

61 

65 

646 

63 

61 

64 

66 

65 

64 

65 

64 

63 

63 

63 

63 

644 

646    646    647 !    655 2 
65-4    646    650 
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U.   S.    COAST   Ayv   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photoffmpluc  trare-n  of  the  bijilar 

[Local  mean  time.  200  diviuious  pluti  tabular  qiiautity,  one  diviHiun  -0  UU0109  in  \vuU  uf  11.    AH 

DECEMBER,  1S87. 
[For  tli<*  explanation  of  tlu'se  tables  see  pp.  Kl,  54.] 


Day. 

Ih 

64 

2h 
63 

3'' 

4I1 

5" 

6h 

7" 
65 

8" 
65 

9b 
65 

io»' 
62 

ii«' 
59 

Ncx»n. 

I 

64 

64 

64 

66 

59 

2 

66 

65 

66 

65 

67 

66 

67 

67 

65 

63 

62 

63 

3 

65 

65 

65 

66 

66 

66 

67 

68 

67 

65 

62 

62 

4 

66 

67 

66 

68 

68 

67 

68 

68 

68 

67 

64 

63 

5 

66 

68 

67 

67 

69 

69 

70 

70 

70 

68 

65 

64 

6 

67 

66 

70 

69 

71 

72 

70 

69 

65 

61 

64 

56 

7 

65 

66 

66 

69 

67 

68 

64 

68 

67 

61 

65 

63 

8 

64 

65 

66 

65 

66 

68 

68 

69 

69 

66 

64 

62 

9 

66 

66 

67 

67 

68 

70 

70 

72 

72 

70 

67 

65 

10 

66 

69 

67 

68 

69 

70 

71 

72 

72 

70 

66 

64 

II 

69 

68 

69 

69 

70 

70 

70 

70 

69 

CS 

65 

65 

12 

68 

69 

69 

68 

69 

70 

70 

71 

70 

70 

69 

68 

13 

64 

66 

66 

67 

6S 

69 

70 

69 

70 

68 

67 

64 

14 

60 

60 

60 

62 

62 

64 

64 

65 

64 

63 

61 

59 

IS 

64 

65 

65 

64 

66 

6S 

65 

65 

65 

65 

64 

63 

16 

66 

63 

63 

60 

64 

63 

61 

62 

65 

65 

57 

54 

17 

57 

58 

60 

69 

69 

69 

61 

64 

58 

58 

62 

56 

18 

58 

57 

61 

61 

62 

58 

56* 

60 

60 

63 

59 

59 

19 

61 

62 

61 

66 

61 

66 

65 

63 

64 

61 

60 

58 

20 

63 

62 

63 

62 

63 

65 

72 

64 

62 

61 

60 

53 

21 

63 

62 

65 

63 

61 

61 

69 

59 

67 

54* 

49* 

so* 

22 

48* 

s(^ 

54* 

58 

57 

57 

57* 

58 

56* 

57 

54 

52 

23 

58 

58 

59 

59 

60 

61 

61 

60 

62 

60 

57 

56 

24 

62 

63 

63 

63 

64 

64 

65 

65 

65 

65 

61 

57 

25 

61 

63 

61 

61 

62 

64 

66 

65 

66 

64 

61 

60 

26 

59 

60 

61 

61 

62 

62 

66 

67 

64 

61 

60 

52 

27 

61 

59 

61 

62 

64 

63 

62 

65 

62 

62 

58 

56 

28 

64 

66 

62 

62 

64 

66 

67 

69 

68 

68 

66 

63 

20 

62 

62 

62 

63 

64 

64 

65 

66 

63 

63 

60 

58 

30 

65 

64 

65 

63 

64 

65 

6b 

67 

62 

60 

60 

58 

3^ 

62 

63 

64 

64 

63 

63 

64 

63 

63 

62 

59 

60 

Monthly^ 
mean  ^ 

629 

634 

638 

644 

650 

655 

659 

66-0 

65-3 

635 

61-5 

59*4 

Normal 

634 

634 

64- 1 

644 

65  0 

655 

665 

66-0 

65-6 

638 

619 

597 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readiiigH  referred  to  stAiidard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

DECEMBER,  1887. 


«3" 

14^ 

IS' 

i6h 

i7*» 

i8h 

19'* 

20^ 

2I»> 

22^ 

23h 

Mid- 
night. 

Daily 
mean. 

61 

61 

64 

66 

68 

66 

67 

66 

66 

66 

66 

67 

64-3<* 

63 

63 

65 

68 

68 

67 

66 

66 

64 

64 

65 

66 

653 

64 

64 

69 

69 

68 

68 

66 

66 

66 

66 

66 

66 

659 

62 

64 

66 

68 

68 

69 

68 

67 

66 

66 

67 

67 

66-6 

64 

67 

70 

70 

70 

71 

70 

66 

68 

69 

67 

66 

680 

58 

60 

60 

64 

64 

65 

63 

64 

60 

59 

62 

64 

643 

61 

57 

61 

63 

66 

66 

62 

65 

64 

64 

62 

63 

64-3 

63 

61 

62 

63 

64 

66 

68 

68 

67 

67 

64 

66 

654 

63 

62 

63 

64 

66 

67 

66  - 

65 

65 

64 

65 

66 

66-5 

65 

65 

65 

66 

68 

69 

69 

68 

67 

70 

68 

68 

680 

64 

63 

64 

66 

68 

69 

69 

68 

69 

69 

68 

68 

677 

66 

66 

67 

71 

73 

71 

64 

71 

65 

66 

61 

68 

68-3 

60 

59 

59 

58 

58 

55* 

57 

58 

60 

60 

60 

64 

632 

59 

60 

62 

64 

65 

65 

65 

65 

64 

63 

64 

64 

627 

61 

62 

63 

64 

65 

65 

63 

63 

64 

63 

63 

62 

639 

5» 

55 

52* 

54* 

54* 

55* 

55 

55 

53 

47* 

54 

55 

577 

54 

SO* 

60 

62 

59 

54* 

54 

51* 

53 

52* 

55 

57 

584 

56 

56 

52* 

55 

53* 

58 

57 

59 

60 

56 

56 

66 

583 

58 

57 

58 

60 

62 

63 

62 

61 

63 

62 

61 

66 

617 

55 

59 

60 

61 

61 

62 

61 

58 

56 

65 

59 

66 

61*4 

48» 

48* 

45* 

49* 

47* 

45* 

44* 

37* 

43* 

48* 

52* 

49* 

533 

52 

54 

55 

58 

60 

59 

59 

59 

58 

58 

58 

58 

563 

56 

58 

61 

62 

63 

63 

62 

60 

60 

60 

60 

62 

59*9 

56 

57 

59 

61 

63 

64 

64 

61 

63 

63 

64 

64 

623 

60 

60 

59 

50* 

46* 

53* 

52* 

51* 

56 

57 

58 

56 

588 

55 

61 

64 

62 

62 

58 

58 

57 

59 

60 

58 

57 

603 

56 

57 

60 

58 

49* 

60 

60 

60 

60 

65 

61 

59 

600 

60 

57 

60 

62 

60 

57 

56 

54 

55 

62 

67 

61 

623 

58 

58 

61 

63 

65 

65 

61 

62 

64 

65 

63 

63 

625 

56 

6* 

63 

65 

66 

66 

63 

61 

60 

60 

63 

61 

627 

60 

59 

64 

65 

63 

65 

65 

64 

64 

63 

63 

64 

62-9 
6268 

589 

594 

6ri 

623 

623 

628 

618 

6l'2 

614 

61-9 

61-9 

62-9 

59-3 

601 

623 

635 

648 

648 

628 

628 

620 

633 

623 

633 
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U.   S.    COAfc^T   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  rearHngs  from  the  phnfoff  rapine  f  races  of  the  hi  filar 

[Local  mean  time.  ;!00  divirtions  plust  talnilar  (iiiiiiitity.  oim  cliviMion    -OUOOIUU  iu  putts  uf  11.    All 

JANUARY,   1888. 
[Fur  llie  explanation  uf  thcMi^  tabl<>8  hoc  pp.  5:<,  TH.] 


Day. 

I 

Ih 

2h 

3" 

4" 

5" 

6h 

7'' 
65 

8h 

m 

64 

9h 

10" 

ii»^ 

N«>on. 

63 

64 

65 

66 

66 

63 

64 

61 

58 

59 

2 

64 

64 

67 

66 

66 

67 

67 

68 

66 

62 

57 

55 

3 

66 

68 

67 

67 

67 

66 

67 

67 

64 

61 

57 

58 

4 

68 

67 

67 

68 

66 

66 

66 

67 

65 

62 

58 

58 

5 

67 

67 

68 

68 

68 

68 

68 

69 

68 

67 

63 

62 

6 

65 

62 

64 

68 

68 

68 

67 

65 

65 

62 

60 

56 

7 

63 

64 

64 

^S 

66 

66 

66 

67 

73* 

71* 

69* 

(>8* 

8 

42* 

46* 

5« 

(^s 

59 

64 

54* 

52* 

58 

54 

49 

45* 

9 

55 

56 

56 

58 

58 

57 

58 

59 

58 

57 

54 

51 

10 

59 

59 

59 

59 

60 

62 

62 

62 

61 

59 

54 

50 

II 

57 

57 

58 

60 

59 

60 

62 

64 

64 

62 

54 

52 

13 

55 

57 

50 

60 

59 

62 

64 

64 

64 

63 

60 

58 

13 

47* 

42* 

4S* 

51* 

57 

57 

66 

72 

67 

62 

45* 

43* 

H 

53 

54 

55 

54 

58 

58 

60 

59 

58 

55 

38* 

48 

»5 

59 

54 

55 

5» 

57 

57 

58 

58 

59 

57 

52 

50 

16 

55 

57 

60 

59 

58 

59 

60 

60 

60 

56 

50 

50 

17 

54 

56 

57 

59 

60 

58 

60 

61 

60 

S^ 

51 

49 

18 

58 

59 

(^i 

61 

64 

61 

60 

61 

59 

52 

48 

49 

19 

60 

59 

58 

59 

60 

61 

61 

63 

62 

58 

57 

58 

20 

61 

61 

61 

t>2 

63 

63 

63 

64 

62 

57 

54 

58 

21 

62 

62 

63 

64 

64 

65 

66 

63 

64 

58 

54 

55 

22 

61 

59 

64 

62 

60 

64 

66 

67 

62 

60 

57 

59 

23 

61 

54 

55 

60 

59 

76* 

71 

5*^ 

51* 

51 

45* 

54 

24 

56 

50 

55 

60 

62 

60 

61 

63 

62 

57 

58 

62 

25 

59 

60 

61 

64 

65 

61 

62 

60 

5S 

56 

54 

53 

26 

57 

59 

61 

60 

62 

62 

64 

66 

66 

64 

60 

57 

27 

60 

61 

61 

62 

62 

66 

65 

65 

56 

61 

54 

61 

28 

^^ 

60 

60 

60 

62 

^3 

65 

67 

67 

67 

67* 

66* 

29 

61 

62 

62 

64 

64 

64 

65 

68 

68 

65 

64 

64 

30 

62 

62 

64 

65 

64 

(>s 

65 

66 

66 

64 

65 

67* 

3> 

65 

65 

65 

66 

66 

67 

67 

67 

66 

63 

60 

62 

Montlily^ 
mean  ^ 

59-3 

591 

606 

61-9 

62*2 

63- 1 

63-6 

637 

627 

(KVO 

557 

560 

Normal 

1 

60-3 

602 

6f  I 

62-2 

62-2 

627 

639 

64*1 

62S 

59-6 

56-2 

557 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readingd referred  to  standard  temperature  of  lanjofDet.    iDcreasing  uumben  indicate  incroasing  force.] 

-    JANUARY,  1888. 


13** 

14»» 

iS^ 

l6h 

lyh 

i8>» 

IQh 

20»» 

2I»» 

22*> 

23h 

Mid- 
night. 

Daily 
mean. 

63-5- 

58 

62 

65 

06 

65 

64 

63 

63 

65 

64 

65 

65 

56 

60 

62 

64 

65 

65 

66 

66 

63 

64 

65 

65 

638 

61 

64 

66 

66 

65 

64 

64 

64 

62 

66 

65 

66 

645 

58 

60 

65 

68 

69 

68 

68 

67 

67 

66 

65 

66 

652 

63 

66 

67 

67 

68 

69 

69 

65 

63 

65 

64 

65 

66*4 

55 

56 

59 

62 

64 

64 

64 

63 

64 

64 

64 

64 

630 

67* 

63 

66 

63 

52 

51* 

52 

51* 

50* 

48* 

45* 

46* 

607 

45* 

49* 

5'* 

56 

55 

57 

57 

56 

57 

56 

56 

56 

540 

51 

53 

55 

57 

58 

59 

59 

58 

58 

58 

58 

60 

568 

48 

50 

55 

64 

61 

61 

61 

60 

58 

58 

58 

58 

582 

55 

57 

58 

60 

62 

62 

61 

60 

61 

60 

59 

54 

591 

62 

65 

67 

72* 

70* 

67 

64 

64 

64 

64 

62 

54 

625 

49 

49* 

46* 

49* 

48* 

48* 

54 

52 

50* 

53 

54 

54 

526 

50 

51 

55 

56 

56 

57 

54 

48* 

49* 

50* 

53 

59 

537 

52 

56 

58 

60 

58 

58 

58 

56 

54 

56 

60 

54 

563 

54 

59 

61 

62 

63 

62 

62 

59 

51* 

49* 

47* 

55 

570 

48 

51 

55 

57 

58 

58 

57 

56 

56 

54 

56 

57 

56-0 

50 

54 

57 

58 

59 

59 

59 

59 

59 

60 

60 

58 

57-8 

59 

58 

59 

60 

59 

60 

60 

60 

60 

60 

60 

60 

59-6 

61 

62 

64 

64 

62 

62 

61 

62 

62 

62 

63 

61 

61-5 

57 

52 

58 

60 

60 

58 

54 

61 

61 

60 

59 

60 

6o-o 

62 

63 

63 

61 

62 

62 

64 

60 

58 

60 

58 

54 

61*2 

53 

54 

56 

42* 

39* 

55 

54 

59 

53 

53 

55 

61 

55-3 

49 

57 

58 

59 

60 

59 

56 

61 

58 

61 

62 

57 

587 

60 

62 

58 

56 

59 

60 

59 

62 

60 

58 

64 

58 

59-5 

62 

58 

58 

57 

57 

58 

62 

58 

58 

57 

60 

59 

601 

62 

58 

56 

56 

56 

54 

60 

61 

56 

61 

58 

59 

59-6 

66« 

63 

61 

56 

56 

58 

61 

61 

62 

63 

61 

59 

62*2 

66* 

64 

63 

63 

63 

63 

64 

63 

65 

63 

61 

61 

63-8 

70* 

69* 

69 

67 

65 

66 

66 

66 

65 

65 

66 

65 

65-6 

64 

65 

65 

66 

64 

62 

64 

64 

64 

64 

64 

65 

646 
60-09 

57-2 

58-4 

599 

605 

59-9 

603 

60-5 

6o-2 

591 

594 

59-6 

59*2 

561 

587 

607 

6i*i 

607 

eii 

60s 

60-9 

60-5 

6o*5 

6o*5 

59-6 

H.  £z.  43;  pt.  2—16 
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U.   S.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES^ 

Hourly  readings  from  the  photographic  traces  oftlie  bifilar 

[Local  mean  time.  200  divisions  pins  tabnlar  quantity,  one  division = 0'000109  in  parts  of  H.    All 

FEBRUARY,  1888. 
[For  the  explanaticKi  of  these  tables  see  pp.  bSi,  54.] 


Day. 

i«» 

2»» 

3»» 

4^ 

5*^ 

6»» 

7^ 

S^ 

9^ 

io*» 

u^ 

Noon. 

I 

65 

65 

66 

65 

65 

65 

65 

65 

62 

59 

59 

62 

2 

65 

64 

64 

65 

65 

65 

64 

64 

65 

66 

66 

66 

3 

66 

66 

66 

66 

67 

68 

69 

69 

66 

61 

58 

56 

4 

64 

65 

67 

66 

66 

66 

66 

66 

65 

61 

57 

56 

5 

66 

64 

64 

65 

71 

69 

69 

72 

70 

65 

61 

61 

6 

66 

65 

66 

67 

67 

67 

68 

69 

69 

66 

62 

61 

7 

67 

67 

67 

66 

67 

68 

68 

70 

73 

73 

68 

66 

8 

65 

67 

67 

68 

68 

66 

67 

69 

71 

71 

70 

67 

9 

58 

62 

64 

64 

67 

67 

64 

65 

66 

67 

67 

68 

10 

65 

64 

63 

66 

63 

68 

66 

66 

63 

61 

61 

57 

11 

60 

64 

67 

62 

65 

66 

65 

68 

66 

66 

66 

58 

12 

61 

67 

63 

64 

66 

66 

64 

64 

68 

68 

63 

64 

13 

65 

66 

64 

64 

67 

67 

66 

68 

69 

71 

72 

72 

14 

65 

65 

66 

67 

67 

66 

67 

66 

66 

66 

67 

67 

15 

« 

^3 

63 

64 

65 

66 

66 

66 

66 

67 

67 

68 

67 

16 

65 

67 

67 

68 

70 

68 

67 

69 

66 

67 

64 

61 

17 

62 

64 

64 

64 

65 

69 

66 

67 

67 

63 

67 

67 

18 

62 

63 

70 

74 

68 

68 

67 

67 

68 

68 

66 

65 

19 

59 

62 

64 

64 

67 

66 

66 

68 

65 

63 

63 

60 

20 

60 

62 

68 

66 

67 

65 

64 

62 

63 

60 

66 

69 

21 

60 

59 

62 

64 

67 

64 

63 

63 

64 

63 

58 

64 

22 

67 

64 

70 

68 

64 

63 

62 

57 

57 

58 

59 

64 

23 

63 

64 

64 

67 

65 

64 

64 

62 

61 

59 

58 

6^ 

24 

61 

61 

63 

64 

63 

63 

66 

63 

64 

66 

67 

67 

25 

61 

62 

61 

64 

65 

67 

64 

65 

65 

66 

67 

67 

26 

66 

63 

66 

65 

65 

65 

65 

61 

62 

62 

63 

66 

27 

65 

65 

66 

66 

67 

67 

64 

62 

62 

65 

66 

68 

28 

66 

68 

66 

69 

68 

68 

66 

63 

61 

62 

64 

64 

29 

73* 

67 

71 

69 

68 

69 

69 

65 

63 

62 

62 

57 

Monthly  J 
mean  > 

638 

64-4 

65-5 

65-9 

66*4 

66-4 

65-8 

656 

653 

646 

640 

638 

Normal 

63s 

64-4 

655 

659 

66-4 

66-4 

658 

656 

653 

646 

64*0 

638 

REPORT   FOR  1891 — ^PART  II. 
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HORIZONTAL  INTENSITY— Continued. 

moffnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

reading*  refemd  to  stondard  temporatore  of  magnet.   Inoreasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1888. 


■a" 

I4*» 

15^ 

16^ 

l^^ 

i8»» 

IQh 

20^ 

2lh 

22b 

2311 

Mid- 
night. 

Daily 
mean. 

S 

68 

68 

68 

68 

66 

66 

66 

66 

66 

65 

66 

6so<» 

67 

66 

68 

68 

67 

67 

67 

67 

66 

66 

66 

659 

57 

59 

61 

61 

63 

62 

62 

63 

63 

63 

65 

64 

634 

57 

56 

60 

61 

62 

61 

56 

60 

59 

66 

56 

60 

6i-6 

60 

61 

62 

64 

66 

67 

66 

66 

66 

66 

65 

64 

65-4 

61 

61 

62 

64 

66 

67 

68 

67 

67 

67 

66 

67 

657 

69 

65 

66 

63 

68 

68 

68 

67 

67 

67 

67 

67 

676 

66 

65- 

65 

67 

67 

67 

65 

66 

69 

52* 

65 

59 

66-2 

69 

67 

66 

66 

64 

62 

61 

60 

65 

64 

65 

64 

647 

60 

68 

69 

68 

67 

66 

69 

66 

64 

73 

61 

61 

648 

60 

64 

58 

64 

62 

64 

62 

63 

64 

61 

68 

63 

636 

66 

66 

66 

66 

65 

61 

62 

61 

61 

62 

65 

64 

64-3 

71 

67 

66 

66 

65 

66 

66 

65 

65 

68 

66 

66 

67-0 

65 

66 

66 

64 

63 

63 

63 

64 

63 

63 

64 

63 

65- 1 

64 

65 

68 

68 

67 

68 

66 

66 

66 

65 

65 

66 

65-9 

69 

68 

66 

60 

63 

63 

64 

62 

62 

62 

61 

62 

650 

68 

68 

65 

65 

67 

68 

67 

67 

66 

65 

71 

65 

661 

64 

61 

61 

51* 

62 

55 

57 

61 

66 

58 

63 

60 

635 

70 

65 

58 

52* 

54* 

62 

61 

63 

61 

61 

59 

63 

623 

68 

62 

61 

62 

61 

64 

61 

63 

61 

61 

60 

65 

634 

67 

66 

62 

64 

60 

58 

57 

56 

59 

60 

60 

61 

617 

64 

61 

54* 

61 

58 

62 

62 

63 

63 

62 

61 

62 

61-9 

63 

61 

63 

64 

66 

63 

65 

64 

64 

63 

64 

62 

631 

59 

61 

63 

61 

57 

57 

61 

60 

62 

63 

62 

58 

62*2 

68 

69 

62 

62 

64 

61 

58 

62 

64 

64 

64 

64 

64-0 

67 

68 

66 

65 

64 

63 

63 

65 

66 

67 

64 

66 

647 

69 

69 

70 

69 

68 

65 

64 

66 

67 

67 

67 

68 

66-3 

64 

65 

68 

68 

68 

66 

60 

60 

64 

64 

59 

64 

648 

61 

66 

68 

70 

68 

67 

67 

67 

67 

67 

66 

66 

66-5 

64-8 

647 

64*0 

639 

64*2 

638 

632 

637 

64-3 

63-9 

638 

637 

64-55 

64-8 

647 

64-4 

648 

645 

63-8 

632 

637 

643 

64-3 

638 

637 
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U.   8.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  ^0*000100  in  parts  of  H.    All 

MARCH,  i888. 
[For  the  explanation  of  these  tablea  see  pp.  53,  54.] 


Day. 

l^ 

2h 

3»» 

4»» 

5»» 

6h 

7*' 

8«> 

9»» 

io»» 

iih  Noon. 

I 

66 

66 

65 

66 

66 

66 

66 

65 

64 

64 

65 

64 

2 

68 

67 

66 

67 

67 

66 

65 

63 

61 

62 

63 

63 

3 

67 

67 

67 

67 

68 

68 

67 

67 

66 

64 

62 

61 

4 

68 

67 

67 

68 

68 

68 

67 

64 

63 

61 

64 

65 

5 

69 

69 

69 

69 

69 

69 

69 

67 

64 

63 

64 

65 

6 

69 

69 

69 

69 

69 

69 

68 

68 

68 

69 

72* 

P* 

7 

73 

73 

73 

74 

73 

72 

75 

72 

71' 

70 

•  71 

69 

8 

64 

64 

66 

65 

66 

65 

65 

63 

62 

63 

65 

66 

9 

66 

67 

68 

69 

67 

68 

69 

66 

60 

54* 

66 

61 

lO 

65 

66 

65 

65 

63 

73 

68 

63 

60 

61 

65 

65 

II 

66 

66 

65 

65 

66 

65 

66 

64 

62 

61 

61 

60 

12 

66 

68 

67 

67 

67 

66 

66 

63 

60 

60 

59 

60 

13 

68 

69 

68 

69 

68 

69 

67 

63 

61 

60 

60 

63 

14 

67 

69 

69 

70 

70 

69 

68 

63 

60 

58 

58 

57 

15 

69 

69 

71 

75 

78» 

63 

70 

64 

70 

67 

63 

61 

i6 

62 

61 

65 

64 

^3 

64 

63 

58 

66 

59 

54 

54 

17 

59 

60 

65 

68 

66 

60 

62 

61 

58 

61 

52* 

55 

i8 

61 

60 

60 

65 

64 

63 

64 

6r 

62 

64 

59 

59 

19 

62 

64 

64 

66 

64 

65 

65 

66 

65 

62 

55 

59 

20 

65 

64 

64 

65 

65 

63 

62 

60 

59 

58 

60 

58 

21 

66 

67 

70 

70 

69 

68 

67 

65 

63 

62 

58 

60 

22 

64 

65 

66 

66 

68 

67 

66 

63 

62 

64 

62 

58 

23 

65 

67 

67 

67 

68 

68 

66 

64 

62 

67 

67 

<>3 

24 

68 

68 

70 

69 

68 

72 

69 

68 

65 

61 

60 

62 

25 

72 

71 

71 

70 

71 

70 

70 

68 

66 

66 

65 

66 

26 

69 

69 

69 

70 

70 

69 

68 

64 

64 

65 

63 

63 

27 

69 

69 

70 

71 

70 

71 

70 

69 

68 

65 

62 

60 

28 

70 

70 

71 

76 

71 

71 

72 

7' 

69 

67 

63 

57 

29 

69 

69 

68 

68 

68 

69 

68 

67 

68 

67 

65 

64 

30 

68 

69 

69 

69 

69 

68 

67 

65 

66 

67 

66 

66 

31 

65 

65 

68 

67 

67 

69 

67  . 

66 

68 

65 

62 

60 

Monthly  > 
mean  > 

66-6 

669 

67s 

68-3 

67-9 

675 

672 

649 

640 

632 

623 

61 -8 

Normal 

66-6 

66-9 

67s 

68-3 

676 

67s 

67-2 

649 

64-0 

635 

62-3 

61-5 

REPORT   FOR   189J — PART   11. 
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HORIZONTAL  INTENSITY— Continued. 

fiMgnetameter  of  the  Los  AngeUs  Magtietic  Observatory. 

readingt  referred  to  standard  temperotore  of  magnet.    Increasing  numbers  indicate  increasing  foroa.] 

MARCH,  1888. 


IJh 

I4»» 

15^ 

i6»» 

lyh 

i8»» 

I9h 

20»» 

2ih 

22>» 

23h 

Mid- 
night. 

Daily 
mean. 

60 

64 

64 

63 

66 

67 

65 

65 

66 

66 

65 

64 

64-9d 

6a. 

62 

64 

67 

68 

66 

67 

66 

67 

66 

67 

67 

653 

61 

63 

65 

68 

69 

68 

65 

66 

68 

68 

68 

68 

66*2 

68 

67 

69 

69 

68 

68 

68 

67 

67 

67 

68 

68 

66-8 

67 

68 

69 

68 

68 

68 

68 

69 

68 

68 

68 

69 

677 

69 

68 

70 

71 

71 

72 

72 

72 

70 

72 

72 

72 

701 

72 

74* 

71 

71 

66 

64 

67 

57 

55* 

62 

60 

76 

69*2 

67 

64 

65 

65 

65 

61 

61 

59 

62 

65 

66 

67 

642 

53* 

60 

64 

64 

65 

63 

63 

64 

60 

62 

65 

64 

637 

63 

62 

63 

63 

62 

65 

64 

63 

66 

63 

63 

67 

643 

62 

63 

64 

66 

67 

68 

68 

68 

68 

67 

66 

66 

65-1 

61 

64 

64 

65 

67 

68 

68 

68 

68 

67 

68 

67 

65-2 

64 

66 

60 

63 

66 

68 

67 

67. 

67 

68 

68 

69 

658 

61 

63 

62 

62 

64 

67 

67 

66 

67 

67 

69 

70 

65-1 

64 

64 

52* 

SO* 

58 

54* 

55* 

50* 

50* 

50* 

55* 

61 

6i-8 

44» 

45* 

SO* 

S6* 

46* 

59 

58 

60 

55* 

54* 

58 

66 

57-8 

I! 

59 

59 

55* 

55* 

55* 

58 

59 

57 

62 

55* 

58 

590 

66 

67 

60 

55* 

59 

62 

62 

63 

60 

59 

63 

.64 

617 

59 

62 

63 

60 

57 

61 

65 

61 

62 

62 

64 

64 

62*4 

59 

62 

64 

62 

64 

65 

63 

65 

64 

66 

64 

65 

628 

59 

61 

62 

65 

66 

65 

66 

66 

66 

65 

64 

64 

648 

60 

60 

62 

65 

65 

66 

66 

67 

66 

66 

69 

66 

645 

64 

66 

68 

68 

66 

65 

65 

65 

72 

64 

67 

67 

66-2 

66 

69 

72 

72 

70 

69 

69 

68 

67 

67 

68 

69 

•  678 

69 

72 

73 

72 

69 

69 

68 

69 

69 

68 

69 

69 

693 

64 

66 

70 

72 

71 

70 

70 

70 

70 

70 

70 

70 

68-2 

62 

66 

75* 

74 

73 

70 

68 

69 

69 

70 

69 

70 

687 

61 

63 

64 

67 

67 

64 

64 

65 

66 

67 

68 

68 

672 

65 

65 

67 

67 

66 

65  • 

63 

64 

64 

64 

63 

64 

661 

69 

68 

67 

68 

66 

65 

63 

62 

62 

65 

64 

66 

66-4 

60 

62 

64 

67 

68 

• 

67 

66 

66 

67 

66 

65 

68 

65-6 

625 

64*0 

647 

65-2 

6si 

653 

65- 1 

647 

647 

649 

654 

66*9 

65-29 

635 

64-3 

653 

66-8 

661 

66'0 

655 

65-2 

65-9 

658 

661 

669 
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u.  s.  coaSt  and  geodetic  survey. 


DIFFERENTIAL    MEASURES^ 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mMn  time.  900  divisions  plus  tabular  quantity,  one  division  r?  0*000109  in  parts  of  IL    All 

APRIL,  1 888. 
[For  the  explanation  of  these  tables  see  pp.  68^  64.] 


Day. 

Ih 

2»» 

3'* 

4»» 

5*^ 

6»» 

7»» 

V^ 

9^ 

io»» 

lib  Noon. 

I 

69 

70 

70 

69 

69 

69 

67 

66 

66 

64 

61 

61 

2 

66 

66 

66 

67 

68 

68 

69 

66 

66 

65 

63 

62 

3 

64 

66 

66 

68 

66 

66 

66 

64 

70 

70 

70 

68 

4 

69 

71 

67 

66 

69 

63 

68 

67 

68 

67 

64 

49* 

5 

65 

66 

74 

64 

65 

64 

62 

58 

60 

62 

63 

62 

6 

65 

68 

67 

67 

67 

67 

67 

63 

61 

62 

62 

64 

7 

68 

69 

69 

69 

70 

68 

66 

66 

63 

61 

60 

65 

8 

68 

69 

69 

70 

70 

71 

69 

67 

65 

62 

65 

65 

9 

67 

68 

68 

68 

68 

68 

68 

65 

63 

60 

60 

62 

lO 

69 

70 

70 

70 

70 

71 

71 

70 

65 

6s 

62 

65 

II 

56* 

61 

73 

70 

68 

62 

60 

60 

58 

54* 

55* 

55* 

12 

58^^ 

65 

63 

63 

69 

69 

64 

62 

58 

53* 

52* 

51* 

13 

65 

67 

57* 

61 

64 

68 

66 

65 

70 

52* 

54* 

51* 

14 

66 

65 

68 

65 

66 

66 

67 

66 

59 

59 

53* 

49* 

«5 

66 

67 

64 

64 

65 

66 

67 

68 

68 

64 

60 

58 

i6 

65 

65 

66 

65 

65 

67 

68 

66 

66 

64 

63 

64 

17 

68 

69 

69 

69 

69 

69 

69 

68 

68 

68 

68 

66 

i8 

68 

66 

67 

69 

68 

69 

67 

66 

65 

64 

63 

63 

19 

70 

71 

72 

72 

71 

73 

7». 

71 

68 

67 

70 

74 

20 

70 

70 

70 

73 

71 

72 

69 

68 

71 

70 

70 

69 

21 

70 

70 

70 

70 

71 

71 

66 

63 

63 

65 

65 

67 

22 

70 

71 

71 

71 

72 

71 

68 

67 

69 

70 

69 

68 

23 

71 

72 

72 

72 

73 

73 

71 

68 

67 

66 

67 

68 

24 

74 

71 

74 

74 

73 

74 

72 

70 

66 

67 

66 

68 

2S* 

69 

69 

09 

68 

69 

70 

69 

66 

64 

62 

64 

64 

26 

69 

70 

69 

71 

71 

72 

72 

70 

66 

64 

65 

66 

27 

70 

70 

70 

70 

70 

71 

69 

66 

63 

64 

66 

68 

28 

72 

73 

11 

72 

72 

79* 

80* 

74 

72 

68 

67 

68 

29 

70 

70 

71 

70 

71 

71 

72 

70 

69 

69 

70 

72 

30 

70 

70 

70 

72 

70 

71 

70 

69 

69 

71 

71 

71 

Monthly? 
mean  s 

676 

685 

68-8 

68-6 

69*0 

693 

68-3 

665 

655 

63-9 

636 

63-4 

Nonnal 

68-3 

685 

69*2 

68-6 

69*0 

68*9 

679 

66-5 

655 

65*2 

65-2 

659 
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HORIZONTAL  INTENSITY— Continued. 

nungnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

mdinga  referred  to  standard  temperature  of  mag^net.    Increasing  nombers  indicate  increasing  force.] 

APRIL,  1888. 


13" 

lAf^ 

15^ 

i6*» 

lyh 

i8»» 

I9h 

2CJ» 

2I«» 

22^ 

23h 

Mid- 
niglit. 

Daily 
mean. 

63 

65 

66 

69 

70 

70 

69* 

68 

67 

71 

67 

67 

67*2^ 

7< 

69 

72 

73 

71 

73 

53* 

45* 

46* 

45* 

57* 

64 

638 

% 

61 

59 

65 

66 

57* 

60 

57* 

60 

75 

69 

65 

65- 1 

60 

65 

66 

65 

64 

65 

64 

65 

06 

62 

7' 

650 

60 

60 

64 

65 

62 

59 

58 

63 

66 

67 

66 

64 

633 

65 

67 

66 

65 

66 

67 

67 

67 

68 

67 

67 

68 

65-8 

66 

67 

66 

66 

65 

67 

67 

66 

66  , 

66 

67 

67 

66-2 

66 

66 

67 

65 

66 

67 

66 

67 

67  . 

68 

66 

67 

67-0 

64 

64 

66 

68 

70 

69 

68 

69 

69 

69 

69 

69 

66-6 

67 

69 

71 

72 

72 

72 

67 

70 

67 

70 

66 

63 

68-4 

54* 

57* 

51* 

42* 

41* 

54* 

50* 

54* 

57* 

60 

67 

65 

577 

54* 

57* 

52* 

56» 

61 

63 

63 

64 

63 

64 

62 

61 

603 

57* 

56* 

57* 

62 

61 

58* 

59 

60 

63 

66 

64 

63 

611 

59 

63 

63 

69 

59 

61 

60 

60 

61 

68 

64 

62 

62-4" 

58 

62 

66 

64 

62 

61 

63 

63 

64 

63 

66 

65 

639 

65 

65 

66 

68 

65 

C6 

67 

68 

66 

68 

68 

67 

66-0 

66 

64. 

67 

68 

70 

68 

64 

64 

62 

66 

64 

65 

66-6 

64 

64 

66 

67 

65 

65 

66. 

66 

68 

68 

68 

68 

66-3 

75 

76* 

73 

74 

73 

70 

69 

65 

66 

67 

67 

67 

705 

72 

72 

71 

•  72 

68 

68 

69 

70 

70 

70 

69 

69 

70-1 

69 

69 

69 

69 

69 

70 

70 

70 

69 

69 

68 

70 

68*4 

68 

68 

68 

69 

69 

69 

70 

71 

71 

70 

71 

71 

697 

69 

71 

72 

72 

71 

72 

73 

75 

72 

7' 

71 

73 

709 

73 

69 

64 

61 

68 

69 

68 

65 

66 

67 

67 

70 

69-0 

66 

65 

68 

69 

67 

67 

68 

66 

64 

62 

62 

67 

66-4 

68 

69 

71 

71 

69 

68 

67 

68 

67 

68 

69 

69 

687 

69 

70 

71 

73 

72 

70 

69 

69 

69 

70 

71 

7« 

69-2 

70 

71 

71 

71 

68 

66 

66 

68 

68 

70 

69 

68 

707 

78* 

77* 

74 

75 

77* 

76 

70 

74 

75 

76 

72 

70 

725 

12 

74 

73 

72 

71 

71 

68 

71 

67 

70 

69 

69 

705 

657 

66*2 

66-5 

673 

66-6 

66-6 

65-3 

65-6 

656 

67-2 

66-8 

67-2 

66-65 

66-5 

66-6 

680 

68-6 

67-2 

67.7 

66-3 

67-1 

66-6 

680 

67*2 

67-2 
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U.    S.    COAST   AND   GEODETIC   SUU VET. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  diviaions  plua  tabular  quantity,  one  division = 0-OOOluO  in  parU  of  H.    All 

MAY,  1888. 
[For  the  explanation  of  theee  tables  see  pp.  53,  54.] 


Day. 

Ih 

2h 

3»» 

4V 

5»» 

6»» 

7^ 

8»» 

9h 

io*> 

i\^  : 

S^oon. 

I 

58* 

65 

69 

66 

66 

66 

64 

63 

64 

65 

64 

66 

2 

68 

70 

70 

69 

70 

71 

69 

69 

68 

65 

63 

62 

3 

68 

72 

68 

68 

68 

67 

66 

65 

65 

64 

63 

64 

4 

70 

70 

69 

70 

70 

70 

69 

68 

68 

68 

67 

66 

5 

68 

69 

69 

68 

68 

69 

68 

67 

68 

69 

69 

70 

6 

70 

70 

70 

70 

70 

70 

68 

66 

67 

68 

70 

70 

7 

59* 

69 

63 

64 

64 

60 

62 

63 

64 

62 

57* 

60 

8 

68 

67 

64 

66 

63 

65 

65 

63 

66 

64 

63 

60 

9 

67 

66 

67 

66 

67 

66 

69 

65 

63 

59 

56* 

58 

10 

67 

68 

68 

68 

7<i 

66 

66 

62 

62 

63 

67 

60 

II 

69 

69 

69 

67 

67 

66 

70 

68 

67 

64 

65 

66 

12 

72 

70 

68 

69 

69 

71 

70 

68 

61 

56* 

63 

65 

13 

70 

68 

67 

67 

68 

70 

71 

71 

70 

66 

65 

64 

14 

68 

69 

70 

69 

70 

69 

68 

68 

68 

68 

68 

70 

15 

72 

71 

72 

71 

71 

71 

70 

69 

73 

74 

76* 

69 

16 

70 

69 

70 

69 

70 

71 

72  . 

71 

67 

67 

67 

68 

17 

69 

67 

69 

70 

70 

71 

70 

70 

69 

66 

67 

69 

18 

72 

73 

73 

73 

73 

73 

72 

70 

71 

73 

72 

74 

'9 

69 

69 

69 

69 

69 

68 

66 

65 

68 

72 

71 

72 

20 

71 

78* 

8i» 

79*. 

78* 

79* 

81* 

68 

75 

79* 

80* 

74 

21 

55» 

56* 

57* 

62 

67 

73 

64 

61 

62 

65 

64 

62 

22 

68 

65 

66 

64 

64 

64 

63 

64 

66 

66 

65 

66 

23 

66 

66 

68 

66 

67 

66 

65 

67 

72 

78* 

76* 

68 

24 

62 

62 

65 

64 

64 

62 

59 

57* 

60 

64 

68 

70 

25 

67 

67 

68 

67 

69 

66 

65 

64 

66 

68 

69 

70 

26 

74 

72 

78* 

77 

71 

72 

65 

72 

68 

69 

68 

65 

27 

70 

70 

66 

68 

68 

67 

65 

66 

68 

70 

68 

65 

28 

70 

69 

67 

69 

73 

68 

69 

66 

65 

64 

63 

65 

29 

76 

69 

70 

69 

69 

70 

65 

64 

63 

64 

65 

62 

30 

68 

73 

71 

67 

68 

68 

66 

65 

65 

64 

65 

66 

31 

70 

71 

70 

70 

69 

70 

68 

67 

68 

70 

69 

68 

Monthly; 
mean  \ 

681 

687 

687 

68-4 

687 

685 

674 

66-2 

667 

66-9 

669 

66-3 

Normal 

693 

68-8 

68-4 

68-1 

68-4 

68-2 

67*0 

665 

667 

66-5 

665 

66-3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory, 

nadiags  referred  to  standard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force. ] 

MAY,  1 888. 


I3»» 

14*^ 

iS^ 

i6»» 

lyh 

i8>» 

I9>» 

20*> 

2I*> 

22h 

23»» 

Mid- 
night. 

Daily 
mean. 

70 

68 

65 

66 

64 

64 

66 

64 

71 

62 

64 

66 

65-2«« 

65 

62 

64 

64 

66 

63 

64 

66 

65 

67 

65 

65 

66-3 

67 

65 

66 

66 

68 

67 

66 

68 

67 

66 

66 

73 

66-8 

65 

65 

65 

65 

66 

68 

68 

6? 

68 

68 

69 

68 

678 

69 

68 

68 

68 

68 

69 

69 

69 

68 

69 

69 

70 

68-6 

71 

71 

71 

74* 

77* 

77* 

79* 

81* 

80* 

70 

68 

56» 

71-0 

SS* 

62 

60 

59 

53* 

55* 

51* 

53* 

55* 

60 

67 

62 

600 

64 

67 

66 

61 

61 

62 

55* 

71 

61 

67 

68 

69 

644 

61 

63 

63 

64 

64 

64 

65 

67 

60 

62 

65 

67 

639 

70 

74 

71 

66 

64 

61 

59 

58 

60 

63 

74 

67 

656 

69 

70 

67 

67 

66 

65 

63 

60 

63 

70 

71 

67 

669 

67 

72 

68 

65 

63 

65 

64 

66 

67 

66 

66 

67 

66-6 

64 

64 

65 

65 

64 

65 

66 

66 

66 

67 

68 

68 

66*9 

69 

66 

66 

64 

66 

67 

66 

67 

68 

68 

69 

69 

680 

79* 

79* 

74 

71 

68 

69 

68 

70 

67 

68 

70 

68 

71*2 

67 

66 

66 

65 

66 

67 

68 

69 

69 

69 

69 

69 

68-4 

69 

69 

67 

68 

69 

69 

70 

69 

^o 

71 

71 

72 

69*2 

73 

69 

64 

62 

64 

66 

68 

63 

55* 

65 

66 

68 

68-8 

TO 

67 

67 

65 

64 

66 

68 

68 

68 

68 

69 

70 

68-2 

79* 

68 

63 

56 

44* 

49* 

28* 

32* 

24* 

32* 

37* 

51* 

6i'9 

63 

60 

56» 

51* 

59 

61 

61 

61 

61 

62 

63 

66 

613 

66 

63 

61 

61 

63 

65 

66 

66 

65 

66 

65 

66 

64*8 

62 

62 

60 

52* 

55* 

51* 

53* 

51* 

60 

60 

60 

61 

630 

68 

68 

65 

62 

60 

59 

58 

61 

64 

64 

65 

66 

632 

72 

68 

67 

65 

62 

62 

66 

66 

67 

66 

70 

71 

67-0 

64 

65 

66 

63 

59 

64 

66 

65 

65 

64 

67 

72 

680 

63 

63 

63 

66 

66 

66 

66 

66 

65 

65 

67 

69 

66-5 

67 

68 

69 

68 

65 

66 

67 

67 

66 

65 

68 

67 

67-1 

66 

70 

67 

67 

65 

66 

66 

66 

66 

68 

68 

69 

671 

70 

71 

69 

67 

65 

66 

66 

68 

68 

67 

70 

68 

67-5 

67 

66 

66 

67 

68 

69 

69 

68 

67 

68 

69 

69 

68-5 

67-5 

67-0 

656 

64*2 

63-6 

643 

637 

645 

64-1 

649 

665 

670 

66-44 

67*1 

66-6 

660 

647 

64-6 

65-2 

657 

661 

656 

660 

675 

679 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


[Looalmeaa  time. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  th^  photographic  traces  of  the  bifiUir 

200  division*  plus  tabular  quantity,  one  division  =  0000109  in  parts  of  H.    AU 

JUNE,  i888. 
[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

i>» 

2h 

3>* 

4»» 

S'^ 

6>» 

7h 

8»» 

9h 

io»» 

iik  : 

^foon. 

I 

69 

70 

70 

69 

69 

70 

67 

67 

70 

74 

73 

74 

2 

69 

70 

70 

70 

70 

69 

69 

68 

71 

75 

76 

75 

3 

71 

64 

72 

69 

68 

68 

74 

69 

67 

64 

52* 

64 

4 

69 

65 

64 

64 

64 

63 

60 

61 

63 

62 

67 

67 

5 

67 

67 

67 

67 

67 

66 

66 

64 

67 

66 

66 

68 

6 

69 

67 

67 

70 

68 

68 

64 

64 

65 

65 

64 

64 

7 

67 

67 

67 

68 

67 

68 

68 

64 

60 

61 

62 

65 

8 

69 

70 

70 

67 

68 

67 

67 

64 

62 

60 

63 

67 

9 

08 

68 

69 

68 

69 

68 

65 

61 

64 

65 

66 

67 

lO 

70 

71 

72 

74 

75 

75 

72 

70 

69 

66 

68 

68 

II 

67 

68 

68 

68 

71 

71 

71 

69 

70 

73 

75 

76 

12 

68 

68 

69 

68 

70 

71 

68 

67 

65 

[66] 

[67] 

[68] 

«3 

67 

69 

68 

68 

67 

68 

68 

64 

64 

70 

74 

75 

14 

68 

68 

68 

68 

70 

71 

71 

69 

7i 

73 

71 

68 

IS 

70 

72 

72 

73 

74 

72 

71 

73 

66 

76 

73 

71 

i6 

70 

72 

70 

70 

68 

71 

68 

67 

67 

66 

67 

66 

17 

69 

69 

69 

69 

70 

70 

67 

66 

69 

74 

73 

70 

i8 

68 

69 

69 

70 

70 

70 

68 

70 

71 

69 

66 

67 

19 

71 

72 

73 

75 

75 

75 

71 

70 

68 

68 

68 

67 

20 

69 

69 

68 

68 

69 

69 

65 

65 

^5. 

69 

74 

76 

21 

72 

72 

72 

73 

73 

71 

70 

69 

70 

69 

71 

70 

22 

72 

69 

71 

74 

72 

78 

75 

75 

70 

73 

73 

72 

23 

72 

66 

68 

66 

66 

67 

64 

66 

66 

65 

65 

70 

24 

70 

70 

70 

70 

72 

71 

69 

68 

68 

70 

69 

68 

25 

68 

69 

70 

68 

68 

68 

67 

68 

68 

67 

64 

62 

26 

66 

65 

68 

68 

67 

66 

65 

66 

66 

[69] 

[71] 

73 

27 

68 

68 

68 

67 

69 

69 

66 

68 

67 

70 

72 

71 

28 

70 

67 

68 

68 

69 

68 

68 

66 

64 

66 

69 

72 

29 

70 

69 

69 

68 

69 

71 

69 

65 

62 

62 

62 

61 

30 

70 

70 

69 

70 

70 

71 

72 

71 

67 

67 

71 

75 

Monthly? 
mean  i 

69-1 

687 

69*2 

69*2 

695 

697 

68-2 

67-1 

667 

680 

68-4 

69-2 

Normal 

69-1 

687 

69*2 

69*2 

695 

697 

68-2 

67-1 

667 

680 

69*0 

69*2 

REPORT  FOR   1891 — PART   IL 


251 


HORIZONTAL  INTENSITY-Continued. 

nu^netometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  refeanrad  to  standard  temperature  of  magnet.    Increasing  numbers  indloale  inoreasing  force.] 

JUNE,  1888. 


13** 

14^ 

iS^ 

16^ 

i7»» 

i8»» 

I9h 

20*» 

2I»» 

22»» 

23^ 

Mid- 
night. 

Daily 
mean. 

71 

68 

.67 

66 

67 

68 

68 

69 

60 

69 

69 

70 

69-3** 

74 

73 

72 

76* 

78* 

73 

72 

72 

71 

65 

59 

62 

708 

65 

54* 

64 

63 

58 

58 

52* 

57 

59 

59 

58* 

66 

63*1 

60 

53* 

55* 

59 

60 

60 

64 

62 

64 

65 

74 

66 

630 

68 

70 

66 

57 

58 

54* 

63 

58 

65 

64 

67 

74 

65- 1 

68 

66 

64 

64 

66 

62 

64 

66 

65 

68 

67 

66 

659 

65 

65 

64 

63 

60 

66 

66 

64 

66 

67 

70 

69 

654 

68 

66 

64 

64 

63 

64 

65 

65 

67 

67 

68 

69 

660 

68 

70 

71 

69 

68 

67 

67 

69 

72 

67 

70 

69 

677 

68 

67 

63 

64 

66 

66 

67 

66 

66 

67 

67 

66 

68-5 

75 

74 

71 

71 

70 

70 

69 

66 

63 

63 

67 

68 

698 

[67] 

[66] 

[66] 

[64] 

64 

62 

64 

66 

66 

66 

67 

67 

[667] 

74 

72 

68 

68 

67 

68 

68 

67 

68 

68 

68 

67 

685 

67 

68 

66 

66 

67 

68 

69 

68 

74 

68 

66 

68 

68-8 

71 

71 

68 

65 

62 

61 

62 

63 

61 

66 

67 

69 

687 

65 

63 

63 

65 

65 

68 

68 

68 

68 

67 

68 

69 

675 

67 

65 

64 

64 

64 

66 

67 

67 

69 

68 

68 

68 

680 

63 

64 

66 

70 

70 

70 

71 

71 

71 

7' 

70 

7' 

69*0 

66 

64 

65 

63 

64 

67 

68 

68 

67 

68 

69 

68 

68-8 

76 

69 

69 

67 

65 

68 

68 

69 

70 

72 

72 

72 

693 

67 

68 

68 

68 

65 

63 

63 

68 

65 

72 

71 

74 

693 

67 

62 

64 

63 

63 

48* 

57 

64 

66 

69 

69 

66 

680 

69 

68 

64 

61 

58 

63 

61 

64 

66 

67 

67 

69 

658 

64 

67 

65 

64 

63 

62 

65 

66 

69 

68 

70 

69 

678 

64 

66 

65 

65 

63 

64 

65 

65 

67 

64 

64 

64 

66-0 

72 

71 

69 

66 

64 

61 

63 

64 

66 

64 

67 

67 

[66-8] 

70 

71 

69 

68 

67 

69 

68 

69 

66 

66 

65 

69 

68-3 

73 

73 

71 

69 

67 

67 

67 

69 

69 

70 

69 

71 

68-8 

63 

63 

63 

65 

64 

66 

68 

68 

68 

66 

68 

69 

66-2 

70 

72 

74 

53* 

57 

58 

64 

58 

58 

62 

64 

68 

667 

68-2 

67*0 

66-3 

65*0 

64-4 

64*2 

65-4 

65-9 

667 

66*8 

675 

68-3 

6745 

68-2 

679 

667 

650 

64*0 

652 

659 

659 

667 

66-8 

67-8 

68-3 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


[Local  mean  time. 


DIFFERENTIAL  MEASURES  — 

Hourly  readings  from  the  photographic  traces  of  the  hi  filar 

200  (liviniouii  plus  tabular  quautity,  oue  division  — 0'UUU109  lu  partH  uf  II.    AU 

JULY,  l888. 
[Fof  the  ozplauatiun  of  these  tabluM  hoc  pp.  5.3,  54.] 


Day. 

I 

ih 

2h 

3'* 

4'^ 

5*^ 

6h 

7" 

8"' 

9b 

lO^ 

II"' 

N\H)n. 

67 

69 

71 

76 

69 

72 

68 

69 

64 

66 

66 

66 

^ 

67 

68 

68 

66 

66 

64 

61 

60 

61 

60 

63 

69 

3 

67 

66 

67 

67 

66 

68 

67 

66 

65 

63 

64 

63 

4 

68 

68  . 

67 

65 

66 

68 

68 

68 

70 

70 

69 

67 

5 

68 

68 

68 

66 

69 

70 

70 

68 

66 

65 

64 

67 

6 

70 

70 

70 

70 

71 

70 

69 

65 

66 

67 

66 

66 

7 

72 

72 

72 

73 

72 

74 

72 

71 

7« 

74 

73 

75 

8 

67 

69 

71 

68 

67 

66 

67 

66 

63 

61 

66 

69 

9 

71 

66 

65 

65 

66 

69 

70 

67 

67 

67 

73 

^7* 

lO 

68 

69 

67 

67 

69 

68 

66 

62 

62 

64 

68 

70 

II 

69 

69 

69 

69 

69 

71 

70 

67 

64 

65 

65 

65 

.12 

67 

68 

68 

68 

69 

71 

70 

66 

65 

62 

62 

64 

'3 

67 

67 

68 

68 

69 

70 

70 

67 

64 

64 

67 

70 

14 

69 

70 

70 

70 

70 

71 

69 

•  66 

65 

66 

67 

68 

IS 

70 

.7<> 

7' 

68 

71 

71 

69 

69 

70 

72 

74 

71 

i6 

69 

69 

68 

68 

69 

68 

66 

67 

64 

65 

65 

63 

17 

67 

65 

64 

64 

65 

66 

62 

61 

60 

62 

68 

64 

i8 

66 

65 

65 

64 

65 

65 

65 

68 

68 

66 

65 

66 

19 

66 

66 

68 

69 

71 

70 

70 

67 

66 

64 

63 

65 

20 

70 

75 

72 

71 

73 

73 

73 

70 

71 

69 

65 

68 

21 

66 

62 

68 

62 

65 

65 

63 

60 

62 

62 

63 

62 

22 

68 

60 

62 

63 

64 

62 

61 

60 

60 

61 

63 

65 

23 

67 

65 

65 

66 

67 

64 

63 

60 

60 

68 

65 

64 

24 

62 

64 

65 

64 

66 

65 

65 

63 

58 

59 

65 

67 

25 

65 

67 

68 

67 

67 

68 

67 

65 

65 

65 

66 

69 

26 

66 

66 

67 

67 

66 

67 

66 

62 

61 

63 

65 

65 

27 

66 

66 

67 

68 

68 

69 

67 

64 

63 

61 

62 

63 

28 

68 

73 

76 

69 

72 

70 

67 

67 

69 

70 

67 

63 

29 

66 

69 

66 

67 

66 

65 

63 

63 

64 

69 

71 

72 

30 

67 

67 

68 

67 

67 

67 

66 

63 

62 

63 

68 

69 

31 

70 

68 

68 

68 

68 

67 

64 

62 

63 

66 

67 

66 

Monthly ) 
mean  K 

67-6 

676 

680 

674 

680 

68-2 

66-9 

65- 1 

645 

65-1 

66-3 

67-0 

Normal 

67-6 

676 

68-0 

67-4 

680 

68-2 

66*9 

651 

645 

651 

66-3 

66*7 
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HORIZONTAL  INTENSITY—Continued. 

magnetometer  of  the  Lo8  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.    Increasing  numbers  indicate  increasing  force.] 

JULY,  1888. 


13" 

14" 

15" 

16* 

17" 

l8)> 

19I1 

20» 

21" 

22l> 

23"^ 

Mid- 
night. 

Daily 
mean. 

60 

64 

63 

66 

61 

61 

S2» 

59 

63 

67 

60 

66 

65-2* 

69 

67 

63 

59 

59 

62 

56 

63 

67 

67 

65 

65 

64-0 

63 

64 

62 

62 

62 

64 

64 

66 

67 

67 

67 

66 

65-1 

65 

66 

65 

67 

62 

65 

66 

67 

66 

68 

68 

68 

67-0 

67 

66 

66 

66 

64 

65 

66 

67 

67 

68 

69 

69 

67-0 

66 

68 

70 

67 

64 

67 

69 

70 

71 

72 

72 

71 

68*6 

75 

73 

70 

66 

64 

60 

62 

67 

69 

64 

66 

68 

698 

65 

63 

59 

60 

60 

64 

65 

65 

68 

67 

65 

68 

654 

75 

7* 

68 

64 

64 

63 

65 

65 

68 

67 

67 

68 

679 

73 

75 

7» 

67 

64 

64 

66 

66 

67 

68 

68 

68 

674 

67 

70 

68 

69 

66 

66 

67 

67 

67 

67 

67 

66 

675 

67 

70 

68 

68 

65 

65 

65 

65 

64 

65 

66 

66 

66-4 

7* 

73  ' 

7« 

69 

65 

65 

66 

68 

68 

67 

67 

68 

679 

66 

65 

65 

64 

66 

66 

67 

67 

67 

68 

69 

69 

675 

69 

65 

62 

64 

64 

66 

67 

67 

67 

66 

67 

68 

68-3 

56» 

65 

66 

65 

58 

63 

63 

62 

62 

57 

• 

59 

63 

64-2 

59 

59 

58 

58 

56 

61 

63 

64 

64 

64 

65 

66 

627 

66 

67 

65 

63 

63 

64 

67 

63 

64 

64 

66 

66 

65-2 

70 

7' 

68 

66 

64 

64 

65 

65 

59 

60 

68 

70 

66-5 

75 

64 

63 

55 

55 

57 

59 

63 

65 

64 

65 

65 

66-6 

62 

62 

65 

65 

62 

62 

64 

64 

64 

66 

67 

62 

635 

60 

61 

62 

59 

60 

58 

58 

64 

64 

63 

67 

74 

625 

64 

62 

62 

61 

60 

58 

60 

64 

66 

65 

65 

69 

638 

69 

67 

63 

63 

60 

60 

62 

64 

64 

64 

64 

65 

636 

7« 

70 

66 

65 

62 

64 

65 

64 

65 

67 

66 

66 

66-3 

63 

66 

66 

64 

63 

64 

65 

65 

65 

65 

66 

66 

650 

64 

64 

64 

64 

62 

66 

67 

69 

67 

67 

64 

72 

656 

73 

67 

68 

55 

54 

60 

64 

63 

59 

70 

64 

60 

66-2 

7« 

69 

63 

61 

62 

65 

63 

64 

63 

70 

65 

68 

660 

69 

70 

68 

64 

62 

66 

67 

67 

67 

68 

69 

68 

66-6 

66 

64 

64 

63 

66 

65 

64 

65 

64 

65 

67 

67 

657 

67-0 

667 

652 

635 

6i'9 

632 

638 

651 

654 

66-0 

661 

67- 1 

65-96 

674 

667 

65-2 

635 

61-9 

632 

64-2 

651 

654 

660 

66] 

67- 1 
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U.    8.   COAST  ANI)   GEODETIC    SURVEY, 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  tima.         200  divisions  plus  tabular  quantity,  one  division  =.  0*000109  in  parts  of  H.    All 

AUGUS'r,i888. 
[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

i*» 

2h 

3»» 

4»» 

S"* 

6b 

7»» 

8»» 

9h 

I0*» 

lib 

^foon. 

I 

66 

66 

67 

66 

68 

69 

69 

67 

66 

65 

64 

67 

2 

68 

68 

69 

70 

72 

74 

74* 

70* 

67 

68 

67 

68 

3 

65 

69 

69 

75* 

70 

69 

65 

61 

68 

65 

60 

54» 

4 

61 

62 

61 

65 

61 

61 

60 

61 

60 

64 

63 

67 

5 

66 

64 

66 

65 

65 

64 

64 

60 

60 

60 

60 

65 

6 

65 

66 

66 

65 

66 

67 

65 

60 

55 

54 

58 

62 

7 

65 

65 

65 

66 

66 

66 

65 

61 

60 

59 

62 

65 

8 

67 

66 

66 

66 

65 

66 

67 

68 

68 

67 

66 

68 

9 

67 

66 

66 

65 

66 

66 

65 

60 

59 

60 

64 

65 

lO 

7> 

70 

71 

70 

70 

70 

67 

64 

65 

65 

64 

63 

II 

67 

67 

68 

68 

70 

71 

68 

66 

66 

64 

65 

63 

12 

60 

58 

63 

63 

66 

62 

61 

57 

59 

59 

59 

60 

«3 

64 

65 

66 

66 

66 

67 

65 

62 

59 

57 

58 

60 

H 

67 

67 

67 

66 

67 

68 

65 

64 

64 

65 

66 

68 

«5 

66 

• 

66 

67 

68 

68 

67 

64 

61 

64 

69 

74* 

78» 

i6 

55* 

60 

72 

62 

68 

61 

59 

54 

51* 

56 

60 

64 

17 

62 

72 

65 

67 

58 

64 

64 

58 

58 

58 

59 

63 

i8 

62 

62 

62 

62 

63 

60 

58 

55 

55 

57 

59 

56 

19 

64 

58 

62 

60 

61 

62 

60 

58 

58 

56 

56 

57 

20 

60 

66 

61 

62 

62 

60 

58 

57 

58 

57 

58 

57 

21 

63 

64 

63 

64 

64 

63 

60 

56 

58 

59 

59 

59 

22 

61 

63 

63  • 

62 

64 

63 

58 

54 

54 

57 

59 

60 

23 

63 

63 

65 

64 

64 

64 

61 

58 

58 

62 

66 

68 

24 

65 

65 

65 

65 

66 

66 

62 

58 

59 

64 

68 

69 

25 

67 

67 

66 

67 

66 

65 

62 

58 

55 

58 

63 

68 

26 

70 

70 

69 

70 

68 

68 

65 

62 

60 

60 

64 

68 

27 

67 

68 

67 

66 

65 

67 

65 

60 

58 

59 

60 

62 

28 

68 

68 

68 

69 

69 

68 

65 

61 

60 

57 

61 

66 

29 

66 

66 

67 

67 

67 

67 

64 

61 

61 

65 

70 

72 

30 

68 

69 

69 

70 

70 

71 

70 

70* 

68 

74* 

74* 

74» 

31 

67 

66 

62 

63 

65 

64 

64 

61 

58 

57 

60 

62 

Monthly) 
mean  \ 

649 

65-5 

65-9 

65-9 

660 

65-8 

638 

607 

6o*3 

6l*2 

628 

645 

Normal 

65-3 

65-5 

65-9 

656 

660 

65-8 

635 

60*1 

60-6 

60-8 

62*0 

64*0 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetio  Observatory. 

readings  referred  to  sUndud  temperatare  of  maguet.    Incroasing  uumbers  indicate  increastng  foree.] 

AUGUST,  1888. 


13^ 

I4«* 

i5»» 

i6»> 

I7»» 

i8»» 

I9*> 

20>» 

2ll> 

22'* 

23h 

Mid- 
night. 

Dally 
mean. 

66 

65 

64 

62 

63 

66 

66 

66 

66 

66 

67 

67 

66-0^ 

68 

71 

68 

58 

63 

62 

65 

64 

64 

63 

62 

66 

67.-0 

51* 

51* 

50* 

47* 

47* 

48* 

47* 

50* 

50* 

53* 

72 

61 

590 

67 

65 

65 

63 

62 

60 

60 

63 

63 

63 

63 

64 

627 

67 

65 

62 

58 

61 

62 

62 

62 

63 

65 

65 

64. 

63- 1 

64 

64 

61 

63 

63 

62 

62 

65 

65 

64 

64 

64 

62-9 

68 

68 

67 

65 

64 

63 

61 

62 

63 

63 

64 

65 

64*1 

70 

69 

66 

66 

62 

63 

64 

65 

65 

65 

66 

66 

661 

67 

66 

65 

66 

65 

65 

66 

66 

66 

67 

67 

70 

652 

66 

65 

63 

63 

63 

64 

66 

66 

66 

67 

67 

67 

66-4 

63 

62 

64 

57 

62 

63 

63 

65 

68 

63 

58 

57 

645 

61 

62 

62 

61 

62 

62 

64 

64 

63 

62 

61 

63 

61*4 

65 

63 

61 

61 

59 

63 

65 

63 

65 

64 

66 

66 

632 

74 

76* 

72 

69 

67 

65 

64 

65 

66 

66 

66 

65 

67*0 

78* 

76* 

75* 

71 

73* 

73* 

70 

52* 

48* 

58 

74* 

59 

675 

59 

56* 

59 

59 

52* 

58 

57 

56 

58 

65 

56 

64 

59*2 

61 

56* 

58 

47* 

57 

61 

60 

56 

60 

60 

55* 

65 

60-2 

59 

60 

58 

56 

56 

56 

58 

59 

60 

64 

61 

60 

591 

58 

58 

60 

60 

60 

62 

59 

62 

57 

59 

55* 

66 

59-5 

56* 

58 

59 

56 

55 

60 

60 

63 

64 

63 

62 

63 

59-8 

62 

63 

61 

61 

60 

62 

62 

62 

60 

59 

67 

62 

6i'4 

63 

62 

61 

59 

58 

58 

58 

60 

61 

62 

62 

63 

6o-2 

67 

68 

67 

66 

64 

61 

62 

64 

65 

64 

64 

65 

639 

69 

67 

66 

65 

63 

64 

64 

66 

66 

65 

65 

66 

649 

70 

72 

71 

69 

68 

67 

67 

68 

68 

68 

68 

68 

661 

70 

71 

70 

67 

67 

66 

66 

66 

66 

66 

68 

68 

66-9 

67 

68 

66 

64 

64 

64 

66 

66 

64 

64 

67 

68 

647 

68 

68 

67 

67 

65 

66 

66 

65 

65 

63 

63 

64 

653 

70 

68 

66 

67 

67 

68 

68 

68 

68 

68 

68 

68 

67-0 

74 

74 

66 

66 

65 

6[ 

62 

66 

66 

67 

62 

62 

68-3 

64 

64 

65 

64 

62 

63 

61 

62 

63 

63 

62 

64 

628 

655 

652 

64*0 

62-0 

61-9 

625 

62-6 

628 

630 

635 

64*1 

645 

6372 

66-0 

656 

64*1 

631 

62*4 

627 

631 

636 

639 

639 

644 

64-5 

2o6 


U.    S.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES  - 

Hourly  readings  from  the  photographic  traceH  of  the  bifilar 

[Local  moan  time.         200  divLtiiuns  pln«  tabular  quantity,  one  diviHion  —  0*000100  in  parts  of  II.    All 

SEPTEMBER,  1888. 
[For  the  explanation  oi  tlieao  tables  net*  pp.  5-1, 54.] 


Day. 
I 

fk 

2h 

3^ 

■4'* 

5»» 

6b 

7"^ 

8»» 

9h 

I  oh 

iih 

Noou. 

64 

63 

65 

64 

65 

64 

64 

61 

61 

61 

62 

59 

2 

64 

65 

64 

63 

66 

62 

60 

59 

58 

62 

62 

61 

3 

65 

64 

64 

65 

64 

64 

59 

56 

56 

59 

63 

66 

4 

64 

64 

65 

65 

65 

65 

6i 

57 

58 

61 

64 

67 

5 

66 

66 

66 

65 

66 

65 

63 

61 

57 

61 

66 

67 

6 

67 

68 

67 

67 

67 

66 

64 

64 

63 

63 

65 

65 

7 

7" 

68 

69 

70 

71 

71 

66 

64 

66 

67 

70* 

7i* 

8 

62 

64 

63 

64 

65 

66 

67 

66 

66 

66 

65 

61 

9 

63 

65 

65 

66 

65 

63 

64 

62 

62 

61 

62 

62 

10 

64 

65 

65 

65 

65 

64 

59 

57 

57 

68 

60 

60 

II 

64 

64 

65 

65 

64 

63 

59 

55 

57 

61 

64 

66 

12 

62 

65 

65 

62 

64 

65 

64 

59 

59 

58 

59 

57 

13 

66 

53* 

64 

59 

62 

60 

57 

56 

52 

52 

51 

58 

14 

65 

66 

63 

64 

64 

63 

60 

57 

53 

56 

57 

56 

>S 

64 

59 

60 

61 

62 

66 

61 

55 

56 

5« 

58 

57 

16 

55 

58 

62 

60 

58 

59 

58 

54 

51 

52 

55 

58 

17 

60 

62 

62 

62 

61 

60 

60 

56 

55 

57 

58 

58 

18 

60 

58 

60 

64 

64 

63 

61 

61 

61 

60 

58 

56 

19 

61 

63 

63 

66 

65 

62 

58 

58 

60 

60 

58 

57 

20 

56 

55 

59 

59 

62 

61 

58 

55 

55 

58 

57 

57 

21 

60 

62 

62 

62 

63 

63 

60 

54 

52 

54 

54 

58 

22 

62 

62 

63 

64 

64 

62 

58 

57 

57 

58 

60 

63 

23 

65 

64 

64 

65 

64 

63 

60 

56 

54 

55 

55 

59 

24 

64 

64 

65 

66 

65 

64 

62 

60 

61 

63 

64 

64 

25 

62 

64 

66 

63 

^7 

63 

58 

58 

58 

57 

56 

55 

26 

61 

60 

59 

64 

63 

62 

59 

55 

55 

57 

56 

54 

27 

52* 

56 

57 

58 

60 

59 

57 

58 

57 

58 

58 

57 

28 

61 

60 

59 

6[ 

60 

62 

60 

60 

61 

62 

60 

56 

29 

59 

60 

61 

61 

61 

60 

54 

54 

55 

58 

56 

60 

30 

Monthly? 
moan  ( 

61 

60 

61 

62 

62 

61 
630 

60 

604 

56 

581 

54 

55 

593 

56 

58 

623 

62-2 

631 

634 

638 

57-6 

59-6 

60*1 

Normal 

627 

62-6 

631 

634 

638 

630 

60-4 

581 

57-6 

59-3 

593 

597 
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HORIZONTAL  INTENSITY     Continued. 

mag^fietometer  of  the  Los  Angeles  Magnetic  Observatory, 

readings  referred  to  standard  temperature  of  magnet.    Increaeing  numbers  indicate  increasiog  force.] 

SEPTEMBER,  1888. 


I3>» 

H^ 

i5'» 

i6»» 

I7«^ 

i8h 

I9h 

20*^ 

2I»» 

22^ 

23h 

Mid- 
night. 

Daily 
mean.  ! 

64 

69 

65 

66 

63 

62 

60 

61 

62 

62 

61 

6s 

1 

630^ 

64 

64 

58 

58 

62 

57 

60 

62 

64 

63 

64 

6S 

62-0 

65 

65 

64 

63 

63 

62 

63 

63 

63 

64 

64 

64 

628 

69 

68 

67 

64 

65 

65 

65 

65 

65 

66 

65 

66 

644 

69 

70 

69 

67 

66 

65 

67 

67 

67 

68 

68 

67 

65-8 

63 

62 

63 

64 

66 

67 

68 

69 

69 

69 

70* 

70 

661 

71* 

66 

68 

68 

67 

66 

66 

64 

60 

53 

62 

63 

66-6 

58 

61 

62 

64 

63 

64 

63 

63 

62 

61 

64 

63 

635 

62 

64 

64 

65 

64 

62 

61 

62 

62 

62 

64 

64 

632 

60 

60 

62 

64 

64 

64 

64 

66 

64 

64 

64 

64 

62*9 

66 

65 

66 

65 

67 

70 

71* 

68 

63 

61 

61 

61 

638 

62 

66 

65 

61 

51* 

60 

60 

61 

63 

64 

58 

59 

61-2 

59 

59 

56 

49* 

58 

60 

61 

62 

61 

58 

57 

64 

581 

55 

59 

59 

61 

46* 

46* 

53 

55 

61 

58 

61 

62 

58-3 

56 

60 

57 

57 

56 

56 

60 

59 

61 

58 

61 

60 

59-1 

59 

59 

58 

58 

56 

58 

59 

59 

59 

60 

64 

63 

580 

60 

60 

58 

58 

59 

60 

59 

58 

60 

60 

60 

60 

59*3 

53 

49* 

48* 

44* 

44* 

47* 

46* 

49* 

50* 

56 

56 

58 

55-2 

56 

55 

50 

45* 

45* 

49* 

50* 

53 

52* 

60 

54 

57 

56-5 

58 

61 

61 

60 

60 

61 

62 

61 

62 

59 

60 

63 

59-2 

58 

58 

60 

60 

57 

58 

59 

58 

58 

60 

59 

63 

588 

64 

66 

65 

64 

61 

61 

62 

62 

63 

64 

64 

64 

62*1 

64 

66 

66 

66 

65 

62 

62 

62 

63 

64 

64 

64 

62-2 

66 

66 

65 

63 

59 

64 

64 

63 

64 

62 

59 

68 

63-5 

54 

53 

55 

57 

54 

58 

57 

57 

57 

56 

56 

58 

583 

55 

54 

57 

58 

58 

48* 

54 

58 

58 

62 

54 

56 

57-4 

62 

62 

54 

54 

55 

58 

60 

57 

61 

60 

59 

67 

582 

53 

51* 

55 

57 

59 

60 

58 

59 

57 

63 

56 

61 

588 

58 

55 

54 

54 

57 

58 

59 

58 

59 

58 

58 

60 

57-8 

57 

58 

58 

59 

59 

59 

60 

59 

58 

57 

56 

56 

584 

607 

6ro 

603 

59-8 

590 

59-6 

6o*4 

60  7 

609 

6i-i 

6ii:8 

62-5 

6082 

603 

618 

6ri 

613 

609 

615 

6ro 

6ri 

617 

61*1 

6o'4 

62-5 

n.  Ex.  43,  pt.  2—17 
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U.   8.   COAST  AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  reatlings  from  tk/'.  photographic  trtwes  of  the  hifilar 

[Loeml  mean  timet  200  diTisions  plas  tabular  quant Ity,  one  di viakm = 0*000109  in  parta  of  H.    AH 

OCTOBER,  1 888. 
[For  the  explanation  of  these  tablea  see  pp.  53,  M.] 


Day. 

fh 

2h 

3>» 

4»» 

5»» 

6^ 

7'* 

8»> 

9'^ 

I0» 

ii» 

Nooo. 

I 

56 

58 

59 

61 

61 

61 

60 

58 

57 

58 

61 

58 

2 

61 

61 

62 

62 

61 

59 

58 

54 

53 

56 

58 

60 

.  3 

62 

63 

62 

63 

64 

63 

65 

56 

55 

58 

61 

63 

4 

66 

65 

65 

66 

64 

64 

60 

60 

58 

60 

63 

64 

5 

60 

62 

60 

69 

64 

63 

61 

56 

52 

50 

50 

54 

6 

59 

60 

58 

61 

62 

62 

57 

56 

51 

52 

57 

56 

7 

^3 

62 

63 

61 

62 

60 

58 

53 

53 

54 

57 

58 

8 

61 

61 

60 

60 

60 

60 

59 

56 

54 

55 

58 

61 

9 

60 

61 

61 

63 

62 

61 

61 

59 

55 

54 

58 

58 

lO 

66 

63 

63 

63 

64 

62 

61 

59 

57 

58 

54 

54 

II 

59 

60 

62 

64 

63 

64 

64 

61 

58 

56 

54 

50 

12 

57 

58 

64 

60 

60 

61 

60 

58 

56 

53 

53 

52 

'3 

57 

55 

57 

59 

61 

59 

61 

58 

56 

60 

60 

60 

M 

57 

65 

60 

59 

60 

59 

58 

57 

58 

62 

63 

60 

IS 

59 

59 

60 

60 

60 

60 

61 

61 

62 

62 

63 

62 

i6 

59 

60 

62 

63 

62 

62 

59 

58 

57 

55 

56 

54 

'Z 

64 

63 

64 

63 

62 

61 

60 

59 

59 

6it 

63t 

62 

i8 

61 

61 

61 

60 

63 

63 

62 

62 

62 

62 

63 

62 

19 

64 

69 

68 

66 

67 

60 

63 

62 

61 

58 

52 

50 

20 

61 

55 

59 

60 

60 

61 

62 

59 

58 

54 

44* 

SO 

21 

56 

58 

64 

60 

56 

56 

58 

57 

57 

56 

53 

52 

22 

57 

58 

58 

58 

58 

59 

59 

60 

56 

54 

54 

55 

23 

61 

5! 

63 

56 

57 

62 

60 

57 

57 

56 

55 

55 

24 

59 

58 

59 

61 

61 

62 

62 

61 

56 

53 

51 

S3 

25 

56 

60 

56 

58 

60 

60 

57 

58 

55 

53 

54 

57 

26 

58 

58 

60 

60 

60 

61 

61 

60 

55 

55 

57 

57 

27 

57 

57 

63 

59 

60 

60 

61 

60 

58 

56 

57 

58 

28 

60 

60 

61 

60 

60 

60 

61 

61 

61 

60 

60 

60 

29 

58 

58 

59 

60 

60 

60 

60 

59 

58 

59 

60 

60 

30 

61 

62 

62 

62 

63 

63 

62 

60 

58 

56 

56 

67* 

31 

57 

56 

1 

59 

60 

61 

59 

60 

57 

57 

56  ■ 

57 

58 

Monthly^ 
mean  5 

597 

601 

6i-i 

6i-2 

6l'2 

60-9 

6o'4 

58-5 

56-8 

56-5 

568 

5r4 

Normal 

597 

6o-i 

6i'i 

6l*2 

6f2 

60-9 

60-4 

58-5 

568 

565 

57*3 

57-1 

tEje  readings. 
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HORIZONTAL  INTENSITY. 


maffnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

« 

readings  referred  to  Btandard  temperature  of  magnet.    Incrousini;  numbers  indicate  increa»ing  force.1 

OCTOBER,  i888. 


i3»» 

I4»» 

iS^ 

i6h 

lyh 

i8»» 

I9*» 

20*» 

2I*» 

22*> 

231* 

Mid- 
night. 

61 

i  Daily 
mean. 

6o 

60 

61 

60 

60 

61 

62 

60 

60 

61 

61 

.  ! 
59-Sd 

6o 

61 

61 

60 

61 

62 

61 

61 

61 

61 

61 

6o- 

59-8 

64 

63 

63 

63 

63 

63 

63 

64 

65 

66 

66 

66 

627 

66 

68* 

66 

65 

65 

66 

65 

65 

66 

64 

57 

58 

636 

59 

56 

56 

55 

53 

54 

57 

58 

58 

57 

59 

58 

57  5 

57 

58 

59 

58 

61 

62 

60 

61 

58 

59 

61 

62 

586 

59 

58 

60 

62 

63 

62 

61 

60 

59 

58 

59 

60 

59*4 

6o 

60 

62 

63 

63 

62 

62 

59 

59 

58 

61 

60 

59-8 

58 

58 

61 

60 

60 

59 

60 

62 

60 

58 

59 

59 

59*4 

56 

58 

55 

59 

59 

57 

55 

55 

52 

56 

58 

59 

58-5 

58 

60 

61 

60 

57 

44* 

55 

58 

45* 

54 

52 

57 

57-3 

55 

55 

59 

60 

59 

60 

55 

52 

55 

54 

55 

63 

57-2 

58 

55 

54 

54 

55 

55 

57 

55 

56 

57 

57 

58 

57*3 

59 

57 

58 

59 

60 

60 

60 

59 

59 

60 

59 

58 

594 

6o 

60 

60 

61 

61 

61 

62 

60 

58 

58 

57 

58 

602 

55 

57 

59 

60 

61 

62 

60 

58 

55 

5^> 

57 

61 

587 

6i 

59 

59 

58 

58 

59 

59 

59 

59 

59 

60 

62 

60-5 

6i 

60 

60 

60 

60 

60 

60 

60 

60 

61 

61 

70* 

61-4 

44* 

41* 

38* 

41* 

45* 

54 

53 

54 

53 

55 

56 

52 

55-3 

52 

50 

42* 

50 

49* 

50 

50 

46* 

52 

47* 

53 

56 

53-3 

47* 

53 

54 

52 

52 

52 

52 

54 

55 

57 

63 

57 

55-5 

57 

58 

60 

60 

60 

59 

58 

59 

58 

58 

59 

58 

57-9 

51 

53 

51 

56 

58 

57 

56 

53 

56 

55 

56 

58 

565 

53 

52 

53 

55 

56 

53 

56 

58 

54 

53 

60 

56 

56-5 

57 

58 

57 

55 

56 

51 

56 

54 

57 

57 

58 

58 

566 

58. 

56 

55 

57 

58 

58 

57 

56 

59 

56 

56 

55 

57-6 

58 

58 

58 

58 

58 

58 

58 

57 

58 

60 

58 

59 

585 

59 

60 

61 

61 

61 

60 

59 

59 

58 

58 

57 

57 

59-8 

6o 

59 

58 

59 

60 

61 

61 

60 

60 

59 

59 

60 

595 

70* 

70* 

66 

64 

66 

66 

62 

36* 

42* 

53 

49 

54 

59-6 

39* 

49 

51 

49* 

54 

43* 

54 

55 

50 

53 

53 

59 

544 

57« 

57-4 

57-4 

57-9 

585 

57-8 

583 

570 

567 

57-4 

580 

59-0 

58-46 

582 

57-2 

586 

588 

592 

588 

58-3 

581 

57-6 

577 

580 

586 

2fiO 


17.    S.    COAST   AND    GEODETIC    SURVEY. 


DIFFERENTIAL  MEASURES-- 


[Loc:il  mean  time. 


Hourly  renduujs  from  the phvioifraphiv  traevs  of  the  hifxlur 

'JOO  diviHions  jilus  tabular  quantity,  ono  diviKiou  _.  0-(XiOUt9  in  partH  of  U.    All 

N()VP:MHER,  1888. 
[For  the  rxplaiiation  nf  th<'!i>e  tablrs  »w  pp.  5,'!.  54. J 


Day. 
1 

Ih 

2h 

3*^ 

4'' 

5" 

6»' 

61 

8'' 
62 

9b 
59 

io"> 
56 

Ifh 

Noon. 

55 

57 

57 

58 

56 

59 

54 

53 

2 

59 

59 

5S 

58 

59 

60 

59 

63 

60 

59 

59 

58 

3 

61 

5« 

59 

60 

00 

59 

60 

60 

61 

60 

do 

60 

4 

60 

5« 

59 

60 

60 

61 

56 

60 

63 

56 

59 

56 

5 

60 

5« 

5« 

57 

61 

59 

57 

54 

55 

57 

56 

56 

6 

56 

56 

56 

56 

56 

58 

54 

54 

54 

55 

56 

56 

7 

56 

58 

5S 

61 

61 

62 

59 

58 

60 

55 

54 

57 

8 

54 

55 

56 

57 

58 

59 

59 

62 

61 

^5 

54 

59 

9 

54 

59 

58 

57 

57 

57 

58 

59 

58 

58 

54 

53 

10 

56 

57 

57 

58 

58 

58 

57 

57 

56 

54 

5" 

50 

II 

54 

54 

56 

55 

54 

56 

55 

55 

57 

56 

53 

53 

12 

56 

56 

58 

56 

56 

57 

57 

55 

54 

52 

52 

52 

13 

59 

60 

60 

61 

61 

(K) 

60 

59 

56 

54 

55 

58 

14 

59 

59 

59 

60 

58 

57 

57 

58 

57 

5* 

53 

54 

15 

60 

60 

60 

61 

61 

61 

60 

60 

60 

62 

^3 

63 

16 

50 

52 

52 

57 

57 

58 

61 

61 

63 

60 

55 

46 

17 

41* 

48* 

61 

48* 

52 

52 

53 

54 

55 

49 

54 

49 

18 

51 

56 

56 

52 

53 

54 

55 

53 

56 

52 

46* 

50 

19 

54 

55 

57 

52 

57 

5^ 

54 

56 

54 

53 

49 

47 

20 

56 

5^» 

57 

57 

57 

57 

58 

58 

62 

53 

51 

47 

21 

54 

55 

58 

57 

5<'> 

57 

57 

57 

57 

56 

53 

55 

22 

56 

59 

57 

56 

57 

59 

59 

59 

60 

58 

54 

53 

23 

5« 

57 

58 

58 

59 

59 

()0 

59 

58 

56 

54 

54 

24 

59 

60 

60 

60 

60 

61 

61 

62 

60 

59 

58 

59 

25 

60 

61 

62 

62 

62 

64 

65 

^7 

67 

64 

63 

58 

26 

55 

5« 

60 

60 

62 

62 

64 

67 

67 

67* 

64 

63 

27 

56 

59 

58 

61 

62 

63 

64 

66 

66 

66* 

60 

57 

28 

57 

59 

59 

59 

59 

59 

61 

61 

60 

57 

56 

58 

29 

57 

59 

58 

59 

59 

59 

60 

60 

62 

60 

58 

57 

30  • 

Monthly? 
mean  i 

59 

59 

58 

58 

59 
58-2 

59 
587 

59 

62 

61 

593 

57 
573 

5« 

55*3 

53 

56-1 

57-2 

580 

577 

587 

59"3 

54-8 

J 

Normal 

566 

57-6 

580 

5S0 

58-2 

587 

587 

59'3 

593 

5f,7 

55-6 

54-8 
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HORIZONTAL  INTENSITY— Continued. 

magmetometei'  of  the  Los  Angelas  Magnetic  Observatory, 

J' 

readings  refurred  to  standard  temperature  of  magnet.    IncreaAiug  uumbern  indicate  increasing  force.] 

NOVEMBER,  1888. 


I3h 

I4>» 

IS"* 

i6»» 

17^ 

i^^ 

19'* 

20^ 

2lh 

22*» 

23'* 

Mid. 
night. 

Daily 
mean. 

48 

54 

56 

54 

57 

57 

56 

56 

56 

58 

60 

59 

56-6«i 

59 

58 

57 

56 

57 

60 

59 

59 

59 

59 

59 

58 

58-8 

60 

60 

60 

60 

60 

60 

59 

59 

58 

57 

57 

57 

59-4 

59 

56 

54 

48* 

48 

55 

54 

54 

56 

57 

54 

54 

56-5 

53 

54 

54 

57 

57 

56 

50 

53 

51 

52 

54 

54 

555 

52 

49 

58 

58 

52 

46* 

50 

51 

50 

54 

52 

55 

539 

54 

51 

52 

54 

56 

57 

55 

55 

55 

55 

54 

53 

563 

52 

48 

50 

52 

54 

52 

52 

53 

55 

54 

55 

54 

55-4 

54 

55 

55 

57 

56 

55 

57 

54 

55 

55 

56 

55 

56- 1 

SO 

52 

57 

60 

61 

62 

59 

62 

58 

59 

47 

63 

566 

53 

55 

58 

58 

57 

54 

55 

56 

55 

55 

54 

56 

55-2 

52 

54 

56 

59 

60 

61 

60 

60 

59 

58 

60 

59 

566 

58 

59 

59 

60 

60 

60 

60 

60 

60 

60 

59 

59 

590  . 

55 

56 

58 

60 

61 

60 

61 

60 

62 

59 

.58 

60 

581 

62 

63 

65 

61 

51 

54 

51 

49 

47 

46* 

46* 

47 

57-2 

52 

53 

55 

53 

50 

49 

49 

44* 

52 

47* 

50 

46* 

530 

42* 

45* 

53 

55 

51 

49 

50 

53 

49 

57 

51 

49 

508 

49 

50 

53 

54 

54 

51 

56 

53 

52 

57 

54 

54 

530 

49 

51 

54 

55 

57 

57 

56 

54 

56 

54 

53 

53 

53-9 

48 

51 

55 

58 

58 

57 

56 

55 

54 

53 

54 

53 

550 

55 

55 

54 

56 

57 

56 

55 

55 

56 

56 

56 

56 

55-8 

53 

55  • 

58 

59 

59 

58 

57 

56 

57 

57 

57 

57 

57-1 

56 

57 

60 

61 

61 

61 

60 

59 

60 

59 

60 

60 

585 

58 

58 

60 

61 

62 

61 

61 

61 

61 

60 

59 

59 

6o'0 

58 

54 

54 

50 

55 

57 

57 

56 

56 

55 

56 

54 

590 

62 

64* 

64 

60 

58 

62 

6t 

61 

59 

58 

56* 

52 

6i'i 

53 

55 

56 

60 

60 

52 

61 

60 

53 

56 

56 

53 

589 

55 

50 

58 

59 

59 

59 

58 

55 

54 

59 

62 

•59 

580 

55 

56 

57 

59 

58 

58 

58 

57 

59 

58 

59 

60 

584 

53 

55 

57 

59 

60 

59 

60 

60 

60 

58 

60 

58 

S81 

53-8 

54-4 

566 

57-1 

569 

56-5 

56-4 

560 

55-8 

561 

55-6 

55*5 

56-72 

54-2 

54-4 

566 

57*4 

569 

56-9 

564 

564 

55-8 

56-8 

55-9 

55-9 

262 


U.   S.    COAST   AND   GKODETIC   SlUVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  ih^  photographic  traces  of  the  hifilar 

[Local  mean  time.         200  tlivUiuus  pliu  talnihir  quantity,  uue  division  =  0-000109  iu  iwrta  of  H.    AU 

DECEMBER,  i888. 
[For  the  explaiiatiou  of  tliedo  tableri  h«4)  pp.  &.'i,  M.] 


Day. 

I 

i»' 

2h 

3»» 

4" 

5^ 

6h 

7b 

8»» 

9b 

lO** 

ii*»  Noon. 

58 

59 

60 

60 

60 

60 

61 

61 

63 

62 

61 

60 

2 

58 

65 

60 

58 

58 

58 

60 

61 

64 

64 

62 

61 

3 

60 

61 

62 

62 

62 

61 

63 

64 

61 

63 

60 

58 

4 

59 

60 

59 

58 

60 

59 

61 

62 

61 

61 

60 

59 

5 

58 

60 

61 

60 

60 

60 

57 

60 

60 

62 

60 

58 

6 

55 

56 

58 

58 

62 

61 

60 

60 

59 

60 

56 

53 

7 

57 

58 

58 

59 

60 

60 

62 

63 

64 

62 

58 

55 

8 

52 

56 

55 

65 

63 

67 

64 

64 

57 

52 

54 

51 

9 

54 

56 

56 

56 

56 

58 

57 

60 

60 

57 

54 

53 

lO 

5^ 

57 

58 

58 

59 

59 

60 

62 

61 

59 

56 

52 

II 

58 

58 

59 

59 

60 

60 

60 

61 

62 

60 

56 

52 

12 

58 

58 

59 

59 

60 

61 

62 

62 

62 

61 

62 

59 

.    U 

60 

62 

61 

60 

62 

63 

63 

63 

63 

60 

56 

55 

14 

57 

60 

65 

64 

62 

64 

63 

63 

56 

60 

58 

57 

15 

60 

56 

53 

55 

55 

58 

54 

57 

56 

50 

53 

53 

i6 

55 

54 

57 

57 

57 

57 

59 

56 

53 

54 

53 

51 

17 

56 

56 

57 

58 

57 

57 

58 

59 

59 

57 

54 

54 

i8 

57 

58 

58 

58 

59 

59 

59 

60 

61 

59 

58 

57 

19 

57 

57 

58 

58 

58 

59 

60 

61 

60 

58 

56 

56 

20 

56 

56 

58 

58 

58 

60 

60 

60 

61 

Off 

55t 

53 

21 

58 

59 

58 

59 

59 

58 

58 

61 

60 

59 

57 

56 

22 

55 

56 

57 

59 

60 

61 

62 

64 

64 

62 

58 

56 

23 

53 

59 

61 

60 

59 

61 

61 

63 

63 

59 

54 

51 

24 

47* 

50 

54 

53 

53 

56 

56 

54 

55 

52 

49 

45* 

25 

54 

52 

58 

57 

53 

53 

52 

53 

53 

52 

51 

50 

26 

55- 

55 

56 

57 

59 

63 

60 

58 

54 

50 

47 

46 

27 

54 

55 

55 

56 

5S 

56 

56 

56 

54 

50 

47 

46 

28 

56 

56 

57 

57 

5^ 

59 

59 

59 

59 

59 

56 

56 

29 

49 

60 

59 

60 

60 

62 

63 

64 

63 

60 

55 

56 

30 

61 

58 

58 

59 

60 

61 

62 

63 

61 

58 

55 

54 

31 

62 

62 

63 

64 

66 

62 

63 

63 

62 

61 

60 

58 

Moiitli1>'> 
mean  ( 

563 

57-6 

58-3 

58-7 

59-1 

59-8 

59*9 

60-5 

597 

582 

55-8 

54-2 

9 

Normal 

566 

57-6 

58-3 

58-7 

591 

59-8 

599 

60*5 

597 

58-2 

55-8 

54-5 

t  J£>«  reading*. 
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HORIZONTAL  INTENSITY -Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

iMdingf  refeirod  to  stAndArd  temperatore  of  magnet.    Increasing  numben  indicate  Inoreaaing  foroa.] 

DECEMBER,  1888. 


,311 

lA^ 

15^ 

i6i» 

17^ 

i8>> 

i^h 

20b 

2iii 

22"» 

23I1 

Mid- 
night. 

Daily 
mean. 

58 

60 

61 

62 

64 

64 

64 

62 

59 

57 

60 

56 

60-5* 

5? 

55 

58 

61 

59 

58 

57 

59 

58 

62 

60 

59 

59-8 

56 

58 

57 

57 

59 

61 

59 

57 

57 

58 

59 

59 

597 

59 

58 

58 

61 

59 

58 

57 

56 

56 

58 

58 

58 

590 

57 

60 

60 

59 

59 

54 

54 

55 

54 

50 

49 

54 

57-5 

52 

52 

57 

60 

58 

59 

58 

56 

56 

56 

57 

57 

57*3 

54 

55 

53 

58 

57 

57 

56 

55 

53 

54 

53 

51 

57-2 

50 

51 

53 

53 

50 

50 

53 

54 

53 

53 

53 

54 

55-3 

54 

55 

57 

60 

61 

59 

58 

58 

56 

56 

56 

56 

S6-8 

53 

54 

57 

60 

60 

59 

59 

58 

58 

58 

58 

58 

57-9 

5' 

53 

56 

58 

59 

59 

59 

58 

58 

57 

57 

58 

57-8 

57 

57 

57 

58 

58 

60 

60 

60 

60 

59 

59 

60 

59-5 

52 

^i 

54 

55 

54 

56  . 

55 

53 

53 

52 

55 

56 

57-4 

54 

58 

58 

60 

59 

57 

56 

52 

42* 

48 

48 

53 

57-3 

55 

51 

51 

55 

55 

55 

56 

54 

55 

53 

55 

56 

54-6 

48 

54 

57 

58 

56 

57 

57 

58 

57 

55 

61 

57 

55-8 

53 

52 

55 

59 

60 

58 

54 

56 

56 

56 

58 

57 

565 

56 

58 

60 

61 

59 

59 

56 

57 

56 

55 

56 

57 

S8o 

56 

58 

59 

59 

57 

58 

56 

55 

54 

54 

54 

55 

57-2 

55 

57 

60 

60 

60 

59 

58 

58 

57 

57 

57 

58 

S8o 

54 

54 

54 

54 

55 

55 

54 

53 

52 

52 

53 

58 

563 

57 

58 

59 

60 

59 

59 

58 

57 

57 

57 

59 

60 

589 

53 

57 

60 

60 

60 

69* 

60 

40* 

37* 

33* 

43* 

42» 

54-9 

49 

54 

60 

56 

56 

55 

55 

50 

49 

52 

48 

56 

527 

52 

54 

57 

56 

57 

55 

57 

55 

57 

53 

54 

56 

54-2 

50 

54 

58 

58 

58 

57 

57 

55 

54 

54 

54. 

54 

55-1 

52 

57 

58 

59 

58 

59 

58 

57 

57 

56 

56' 

56 

55-2 

56 

60 

60 

60 

61 

60 

60 

61 

60 

60 

59 

59 

S8-6 

57 

60 

59 

59 

61 

61 

61 

62 

62 

60 

58 

58 

59-5 

59 

61 

63 

61 

61 

60 

60 

60 

59 

59 

59 

58 

59-6 

58 

57 

57 

55 

55 

56. 

56 

56 

56 

56 

57 

57 

59-3 

54*4 

56-0 

57-5 

584 

582 

58-2 

57-4 

560 

551 

54-8 

SS-6 

56-2 

57-34 

54-4 

560 

57-5 

58-4 

582 

57-8 

57-4 

.566 

56-2 

55-6 

560 

567 

264 


U.   S.   COAST  AND   GEODETIC   SUEVEY. 


DIFFERENTIAL  MEASURES-- 

Hourly  readings  from  the  photographic  traces  of  the  Mfilar 

[Loeal  mean  time.  2U0  ilivUious  plus  tabular  quantity,  one  divi«lou  =  0*000109  iu  parta  of  U.    All 

JANUARY,  1889. 
[For  the  explanation  of  theae  tables  see  pp.  53,  54.] 


Day. 

!»» 

2h 

3»» 

4»* 

5»» 

6*» 

7»* 

8»» 

9b 

IO»» 

lib 

Noon. 

I 

56 

57 

58 

58 

59 

59 

60 

63 

60 

61 

58 

55 

2 

56 

54 

54 

54 

56 

57 

59 

59 

60 

58 

58 

57 

3 

58 

58 

59 

58 

58 

58 

58 

60 

62 

60 

54 

54 

4 

59 

60 

59 

59 

60 

59 

60 

59 

58 

57 

55 

57 

5 

58 

58 

58 

58 

58 

59 

59 

58 

55 

[53] 

[50] 

[50] 

6 

[55] 

[56] 

[56] 

[56] 

[57] 

[58] 

[60] 

[6o]- 

[59] 

57 

54 

53 

7 

56 

62 

58 

60 

60 

62 

62 

62 

60 

52 

47 

46 

8 

53 

54 

55 

56 

56 

58 

58 

59 

58 

54 

51 

54 

9 

59 

60 

60 

59 

60 

62 

62 

62 

61 

56 

52 

52 

10 

60 

62 

62 

64 

61 

60 

62 

62 

63 

58 

52 

50 

II 

56 

55 

61 

59 

60 

59 

60 

60 

63 

59 

54 

53 

12 

60 

60 

57 

57 

57 

58 

59 

61 

60 

57 

53 

56 

13 

56 

58 

58 

58 

58 

57 

57 

59 

59 

59 

54 

54 

14 

55 

56 

56 

58 

58 

59 

62 

61 

61 

58 

56 

58 

15 

58 

57 

58 

58 

59 

61 

61 

62 

63 

64 

63* 

61 

16 

58 

58 

59 

59 

60 

60 

61 

60 

58 

54 

53 

56 

17 

58 

58 

58 

60 

61 

62 

62 

61 

60 

57 

56 

56 

18 

58 

58 

59 

59 

60 

60 

62 

63 

63 

60 

61 

59 

19 

57 

57 

58 

58 

59 

60 

60 

60 

58 

52 

51 

54 

20 

54 

57 

59 

60 

60 

66 

63 

63 

54 

52 

53 

47 

21 

51 

50 

51 

51 

54 

54 

53 

55 

53 

56 

55 

52 

22 

51 

52 

51 

53 

54 

54 

54 

52 

51 

49 

48 

49 

23 

52 

53 

53 

53 

53 

52 

55 

56 

52 

48 

42* 

42* 

24 

52 

52 

54 

54 

54 

55 

54 

54 

55 

54 

52 

51 

25 

55 

54 

55 

55 

55 

•55 

55 

57 

56 

52 

48 

47 

26 

54 

55 

56 

55 

57 

57 

57 

59 

59 

56 

52 

52 

27 

56 

56 

56 

56 

57 

58 

59 

61 

64 

62 

58 

55 

28 

55 

53 

54 

55 

56 

60 

60 

60 

61 

57t 

54 

52 

29 

59 

56 

56 

57 

57 

:8. 

59 

62 

61 

60 

57 

57 

30 

57 

57 

57 

57 

58 

58 

59 

58 

60 

60 

54 

52 

31 

53 

52 

53 

54 

55 

55 

57 

58 

59 

58 

57 

58 

Monthly) 
mean  \ 

56-0 

56-3 

567 

570 

57-6 

58-4 

590 

595 

589 

56-5 

53-6 

53-2 

Normal 

560 

56-3 

567 

570 

57-6 

584 

590 

59*5 

589 

56-5 

53-7 

53-6 

t£jereadiAga. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

leadings  refSerred  to  standard  temperatore  of  magnet.    Increaeing  numbers  indicate  increasing  force.] 

JANUARY,  1889. 


I3"» 

14^ 

15^ 

i6»» 

I7»» 

i8»» 

I9*» 

20»» 

2I»» 

22*» 

23h 

Mid- 
night. 

DaUy 
mean. 

58 

§^ 

57 

56 

53 

48 

48 

50 

52 

52 

SI 

57 

55.9*1 

58 

60 

58 

57 

56 

56 

56 

56 

57 

56 

57 

57 

56-9 

56 

58 

58 

59 

58 

59 

58 

58 

57 

58 

58 

58 

580 

58 

60 

61 

61 

58 

58 

57 

56 

57 

57 

57 

57 

58-3 

[52] 

[54] 

[553 

[56] 

[55] 

[54] 

[54] 

[54] 

[54] 

[54] 

[54] 

[54] 

[55-2] 

58 

61 

63 

65 

'62 

6o- 

60 

60 

59 

58 

58 

58 

[585] 

55 

60 

61 

57 

58 

53 

53 

51 

50 

48 

55 

53 

55-9 

58 

63 

63 

61 

62 

61 

59 

61 

61 

60 

59 

59 

580 

56 

58 

57 

58 

59 

58 

57 

59 

60 

59 

60 

60 

586 

56 

59 

57 

57 

56 

60 

58 

59 

58 

58 

57 

56 

58-6 

56 

58 

59 

59 

57 

55 

56 

54 

57 

57 

57 

56 

57*5 

55 

^t 

59 

56 

56 

57 

57 

58 

59 

55 

57 

57 

57-4 

56 

58 

58 

57 

57 

56 

57 

56 

56 

57 

56 

56 

570 

58 

58 

58 

57 

57 

57 

57 

57 

57 

58 

58 

58 

57-8 

60 

61 

60 

60 

59 

58 

59 

58 

58 

58 

58 

58 

597 

59 

61 

62 

62 

60 

60 

59 

59 

60 

60 

59 

59 

590 

58 

59 

61 

62 

61 

59 

60 

59 

59 

59 

58 

57 

59*2 

61 

63 

63 

60 

59 

59 

58 

57 

58 

57 

57 

57 

59-6 

60 

63 

54 

65 

62 

60 

59 

58 

58 

51 

48 

49 

571 

47 

46* 

48* 

49* 

49 

46* 

49  ' 

45* 

45* 

47 

45* 

54 

52-4 

54 

56 

54 

54 

53 

54 

53 

52 

52 

55 

52 

52 

53*2 

52 

53 

55 

55 

53 

52 

52 

51 

50 

50 

50 

52 

51-8 

51 

55 

58 

58 

56 

54 

55 

54 

53 

53 

52 

51 

525 

52 

55 

58 

58 

57 

55 

s^ 

55 

55 

54 

54 

53 

54-3 

48 

52 

57 

58 

56 

53 

50 

53 

54 

54 

55 

54 

537 

53 

53 

54 

56 

58 

57 

57 

56 

56 

56 

55 

55 

557 

52 

52 

55 

58 

62 

62 

60 

59 

57 

57 

57 

56 

577 

52 

54 

55 

56 

58 

59 

59 

58 

57 

58 

57 

54 

564 

55 

54 

56 

59 

58 

58 

59 

59 

57 

57 

56 

55 

57-6 

52 

56 

55 

56 

55 

54 

55 

55 

53 

54 

54 

54 

55-8 

59 

57 

58 

59 

56 

55 

55 

53 

56 

56 

56 

56 

560 

55-3 

571 

57-6 

581 

57-3 

56-4 

562 

55-8 

55*9 

55-6 

55-4 

55-5 

56*62 

55-3 

57-4 

58-0 

584 

57-3 

567 

562 

56-2 

562 

55-6 

557 

55-5 
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U.   8.   COAST   AND   GEODETIC   SURVEY. 


DIFFERENTIAL  MBASURBS-v 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Loeal  mean  time.  200  divUions  plus  tabular  quantity,  one  divUion =0*000109  in  part*  of  H.    All 

FEBRUARY,  1889. 
[For  tho  explanation  of  tbeae  tablea  see  pp.  S8, 54.] 


Day. 

l^ 

2^ 

3*^ 

4»* 

5*» 

6b 

7" 

8U 

9^ 

io*> 

!!»» 

Noon. 

I 

56 

56 

57 

58 

5! 

58 

58 

58 

58 

57 

54 

53 

2 

55 

55 

55 

56 

56 

57 

57 

56 

55 

52 

SI 

51 

3 

58 

58 

58 

59 

59 

60 

60 

60 

61 

56 

48 

52 

4 

53 

54 

54 

54 

55 

55 

H 

51 

54 

52 

49 

48 

5 

55 

57 

57 

58 

58 

58 

58 

58 

58 

57 

54 

54 

6 

56 

56 

57 

59 

59 

59 

58 

S9 

60 

60 

56 

54 

7 

54 

55 

56 

57 

59 

60 

58 

67* 

67* 

64 

62 

59 

8 

52 

58 

56 

55 

54 

57 

56 

54 

52 

48 

49 

52 

9 

55 

56 

56 

57 

58 

58 

59 

58 

58 

55 

53 

50 

10 

57 

57 

57 

57 

57 

58 

58 

59 

59 

58 

56 

55 

II 

57 

57 

58 

58 

58 

58 

57 

5f 

57 

56 

53 

SO 

12 

56 

57 

57 

57 

57 

57 

58 

56 

57 

53 

49 

50 

13 

56 

57 

58 

58 

60 

60 

59 

59 

56 

[571 

58t 

58 

'4 

59 

59 

58 

59 

59 

60 

59 

61 

63 

61 

61 

60 

15 

56 

56 

56 

56 

57 

56 

56 

56 

55 

53 

51 

52 

16 

55 

55 

55 

55 

55 

55 

53 

55 

53 

52 

52 

51 

17 

52 

52 

52 

55 

58 

57 

54 

57 

56 

52 

5« 

51 

18 

51 

52 

51 

53 

53 

51 

52 

54 

52 

52 

51 

45 

19 

53 

52 

53 

53 

53 

53 

54 

54 

55 

55 

54 

53 

20 

53 

51 

52 

52 

52 

52 

53 

51 

50 

S« 

50 

49 

21 

54 

54 

54 

54 

54 

54 

55 

55 

55 

54 

54 

54 

22 

56 

56 

56 

57 

56 

56 

57 

58 

57 

57 

56 

53 

23 

56 

56 

56 

57 

57 

56 

56 

56 

57 

56 

56 

56 

24 

57 

57 

57 

58 

59 

59 

59 

59 

58 

58 

58 

58 

25 

58 

58 

59 

59 

59  • 

59 

59 

59 

59 

58 

58 

59 

26 

58 

58 

58 

57 

57 

58 

59 

59 

59 

59 

59 

59 

27 

57 

58 

58 

58 

59 

58 

57 

58 

59 

56 

59 

59 

28 

58 

58 

58 

59 

58 

58 

58 

58 

58 

5^ 

59 

60 

Monthly^ 
mean  j[ 

555 

55-9 

560 

56-6 

56-9 

570 

568 

57-3 

571 

55-6 

54*3 

537 

Normal 

55-5 

55-9 

560 

566 

56-9 

57'0 

56-8 

569 

567 

55-6 

54-3 

537 

t  Mirror  changed  by  observer  between  9  and  11  a.  m.,  requiring  a  correction  of  — 10-0  divisions  to 
all  subsequent  readings  for  change  of  lero  of  scale;  this  has  been  applied. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetio  Observatory. 

readings  referred  to  standard  temperature  of  magnet.    Inoreasing  numbers  Indicate  increasing  force.) 

FEBRUARY,  1889. 


13* 

H^ 

iS^ 

i6»» 

lyh 

i8»» 

19^ 

20*» 

2ih 

22^ 

23b 

Mid- 
night. 

Daily 
mean. 

57 

59 

59 

57 

56 

56 

55 

55 

55 

55 

56 

55 

56.S* 

54 

54 

55 

56 

55 

55 

55 

54 

57 

56 

56 

56 

550 

50 

54 

55 

56 

55 

55 

55 

54 

54 

54 

53 

53 

55-6 

49 

50 

H 

56 

59 

58 

58 

57 

56 

56 

55 

55 

54-1 

54 

56 

58 

59 

59 

59 

57 

55 

53 

54 

55 

55 

56-5 

57 

58 

57 

53 

'53 

52 

52 

51 

S3 

56 

54 

53 

55-9 

56 

56 

52 

56 

54 

55 

56 

55 

50 

52 

53 

52 

569 

49 

52 

54 

57 

57 

57 

57 

55 

55 

55 

55 

55 

54*2 

51 

54 

57 

57 

57 

56 

55 

55 

55 

55 

55 

56 

557 

54 

56 

57 

58 

59 

58 

58 

57 

57 

56 

57 

57 

57-2 

51 

53 

55 

56 

56 

56 

56 

55 

56 

56 

56 

56 

557 

53 

56 

58 

59 

60 

59 

59 

58 

58 

57 

57 

56 

.  56-4 

60 

60 

61 

61 

61 

61 

61 

61 

61 

61 

60 

60 

[59-3] 

60 

57 

57 

56 

57 

58 

59 

58 

58 

58 

57 

57 

58-8 

53 

54 

55 

55 

54 

52 

54 

53 

52 

SI 

53 

54 

54-2 

50 

51 

52 

55 

54 

55 

54 

54 

53 

S3 

52 

52 

53-4 

51 

52 

50 

48 

51 

52 

50 

51 

51 

47 

50 

50 

52*1 

43* 

47 

51 

53 

53 

52 

54 

52 

52 

53 

53 

52 

51*3 

51 

50 

50 

53 

52 

52 

53 

SI 

50 

51 

51 

52 

524 

50 

52 

54 

55 

54 

55 

54 

54 

54 

54 

53 

54 

525 

54 

54 

53 

56 

56 

56 

55 

56 

56 

56 

56 

56 

54-8 

54 

56 

55 

57 

55 

51 

51 

52 

53 

54 

54 

55 

551 

56 

56 

56 

57 

58 

58 

58 

57 

57 

57 

57 

57 

566 

57 

56 

58 

58 

59 

59 

59. 

58 

57 

58 

58 

59 

580 

* 

59 

61 

60 

60 

60 

59^ 

59 

59 

58 

58 

58 

589 

58 

59 

58 

58 

60 

59 

57 

58 

57 

58 

56 

57 

577 

56 

57 

59 

60 

58 

59 

57 

58 

59 

58 

58 

58 

580 

61 

62 

59 

62 

62 

60 

59 

55 

51 

51 

54 

57 

580 

53*9 

55-0 

557 

566 

566 

56-2 

560 

55-3 

55-0 

55-0 

551 

55-2 

5576 

54*3 

550 

557 

566 

56-6 

562 

560 

55-3 

550 

550 

55-1 

55-2 

APPENDIX  No.  5.— 1891. 


ON  THE  MAGNETIC  OBSERVATIONS  MADE  DUKING  BERING'S  FIRST 
VOYAGE  TO  THE  COASTS  OF  KAMCHATKA  AND  EASTERN  ASIA  IN  THE 
YEARS  1725  TO  1730. 


Submitted  for  publication  as  a  Bulletin,  December  12,  1890,  and  first  published 

February  26,  1891.* 
Discussion  by  C.  A.  Schott,  Assistant,  and  Chief  of  the  Computing  Division. 


The  observations  for  the  "variation  of  the  compass''  made  by 
Captain  Bering  along  the  coast  of  Kamchatka  and  northeasterly  to 
t\\e  strait  named  after  him  derive  their  special  value  from  the  fa<*t  that 
they  were  made  on  a  voyage  of  discovery,  and  are  therefore  the  first 
ones  in  this  region  available  for  discussion  of  the  secular  variation  of 
the  declination.  The  observations  are  quite  numerous;  they  extc^nd 
over  the  western  i>art  of  Bering  Sea  and  from  Cape  Lopatka,  Kam- 
chatka, to  East  Cape,  Siberia.  Attention  was  first  called  to  them  by 
Dr.  W.  n.  Dall,  of  the  U.  S.  National  Museum,  in  a  letter  addressed  to 
the  Superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey  and  dated 
June  23,  1890. 

The  magnetic  declinations  given  below  I  have  extracted  from  Bering's 
log  book  of  his  first  exi)edition  from  Okhotsk  to  East  Cape,  between 
the  years  1725  and  1730.  The  record  is  from  the  version  of  Peter  Chap- 
lin (Tchaplin),  printed  in  Russian  by  Vasili  Bergh  i!i  1823,  and  ren- 
dered into  English  by  W.  IT.  Dall,  who  presented  his  manuscript, 
together  with  two  original  charts,  to  the  Suiierintendent  of  the  Survey, 

The  names  of  the  observers  are  not  given,  but  the  declinations  are 
supposed  to  have  been  recorded  by  one  or  the  other  of  the  principal 
offi(;ers,  viz,  Vitus  Ivanovich  Bering,  lleet  captain;  Martin  Spanberg 
and  Alexie  Chirikojff,  lieutenants;  Peter  Chaplin,  midshipman,  and 
Feodor  Luzhin,  surveyor. 

With  perhaps  two  exceptions,  tlie  observations  were*  made  on  board 
ship,  and  by  the  method  of  the  sun's  amplitude  when  rising  or  setting. 
Dr.  Dall's  manuscript  contaiiis  a  table  of  the  princii)al  <lates  of  the 


*  It  has  been  deemed  deflirable  to  ropubliMh  this  paper  in  order  to  give  it  a  penna- 
iieiit  form  as  a  contribution  of  value  to  our  knowledge  of  the  8(*cular  variation  of 
the  magnetic  declination. 


270 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


expedition  in  im>w  .style  and  civil  count,  yet  the  Gregorian  dates 
assigned  by  me  to  the  magnetic  observations  may  be  out  one  day  (pos- 
sibly two)  for  want  of  sufficient  information  as  to  tlie  part  of  day 
intended  (Bering  counted  from  noon).  Respecting  the  ship's  position, 
the  log  or  narrative  is  not  sufficiently  explicit  to  <'nab1e  us  to  plot  the 
courses  sailed  over.  I  have,  therefore,  retained  the  observe<l  latitudes 
given  in  connection  with  the  declinations  an<l  supplied  the  longitudes 
as  well  as  I  could  fi*om  modem  data.  The  geographical  positions  of 
the  magnetic  stations  are,  therefore,  approximations;  yet  they  are  near 
enough  for  the  purpose  in  hand.  The  longitudes  are  reckoned  to  180° 
east  and  west  from  (rreenwich,  and  the  dates  for  those  places  whose 
longitude  exceeded  180°  east  were  diminished  by  one  dt^y  in  order  to 
correspond  to  Western  (Ainerican)  reckoning. 

Magnetic  observatiam  made  by  Bering  in  Kamchatka  and  along  the  East- 
ern Coast  between  the  southern  point  of  Kamchatka  and  Bering  Straity 
Eastern  Siberia. 


No. 

I 

Ix>cality. 

lati- 
tude. 

Longitude. 

0      / 
156  45  E. 

Year. 

Date. 

Declination 
east. 

liolsheretsk,  southwest*n  Kam- 

0   / 
52  45 

1727 

Sept. 

15 

0    / 
10  28 

chatka. 

2 

Upper  Kamchatka,  settlement. 
Off  the  Cape,  near  Lower  Kam- 

54 28 

159  00  E. 

1728 

Feb. 

6 

ii  34 

3 

5603 

162  40  E. 

1728 

July 

24 

13  »o 

chatka,  settlement. 

4 

Off   Cape    Kamchatka   (near 
Cape  Stolbovi). 

56  30 

163  40  E. 

1728 

July 

25 

14  45 

5 

Between  Capes  Kamchatka  and 
Ozemoi. 

57  00 

163  30  E. 

1728 

July 

26 

16  59 

6 

Off  Ukinskoi  Point. 

57  59 

163  00  E. 

1728 

July 

27 

18  48 

7 

Off  Cape  Oliutorsk. 

60  16 

171  30  E. 

1728 

July 

31 

1656 

8 

Southwest  of  Cape  Omchinski. 

6i  03 

174  00  E. 

1728 

Aug. 

2 

/19  37 
125  24* 

9 

West  of  Cape  Omchinski. 

61  32 

176  c»E. 

1728 

Aug. 

4 

24  oot?) 

lO 

Off  Bay  of  St.  Gabriel  (off  C:ape  -) 
Navarin).                                J 

62  15 

180  00 

1728 

Aug. 

6 

f2I    05 
I  21    15 

11 

Off  Cape  Chukotski  Nos. 

64  10 

173  00  \V. 

1728 

Aug. 

19 

}  26   38 
126   54 

12 

Off  Cape   Chaplin   or  Indian 
Point. 

64  59 

171  45^V. 

1728 

Aug. 

22 

25   31 

13 

Off  St.  Laurence  Island. 

64  10 

172  00  W. 

1728 

Aug. 

28 

f  26   20 
1  27  02 

M 

About  25  miles  east  of  Cape 
Thaddeus. 

62  20 

179  50  \v. 

1728 

Aug. 

31 

20  00 

15 

^                                                                                                    ^ 

61  44 

179  00  E. 

1728 

Sept. 

2 

18  40 

i6 

Off  the  Coast,  between  Capes 

61  30 

178  00  E. 

1728 

Sept. 

3 

18  53(?) 

J  is  32 

1  18  15 

17 

Thaddeus  and  Kamchatka. ' 

60  18 

174  00  E. 

1728 

Sept. 

5 

i8 

0f                                                                                                                                                           V 

Si  3S 

165  00  E. 

1728 

Sept. 

9 

16  27 

19 

Off  Cape  Kronotzki. 

54  07 

163  00  E. 

1729 

June 

19 

II  50 

20 

Off  Cape  Tschipunski   (Shi- \ 
punski).                                 J 

53  13 

161  00  £. 

1729 

June 

20 

/    8  3' 

I   846 

21 

Kronotzki  Bay. 

54  12 

162  00  E. 

1729 

July 

3 

fii  so 
1 10  47 

22 

Off  Coast  south  of  Petropav- 
lovsk. 

52  01 

158  00  E. 

1729 

July 

9 

%                                    WW 

7  42 

23 

Off  Cape  Lopatka,  east  of  it. 

52  18 

156  30  E. 

1 

1729 

July 

13 

II  00 

Excluded. 
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For  the  purpose  of  utilizing  these  observations  for  the  investigation 
of  the  secular  variation  of  the  declination  and  for  forming  an  estimate 
of  their  intrinsic  value,  it  will  be  necessary  to  express  them  by  an  inter- 
polation formula  depending  on  the  latitude  and  longitude  of  the  mag- 
netic stations. 

It  suffices  \p  take  four  terms  of  the  general  formula  usually  applied 
in  such  cases,  viz: 

D  s=Di  +  u+  J<p.v+  JXcoB<p.i€  +  ^q^»x+  -^A'cos'^.y 

where  D  =  resulting  declination,  Di  an  approximat^e  value  for  the  nor- 
mal position,  ^  and  Ao,  and  u  a  correction  to  it>. 

q)  =  latitude  of  any  station. 
J  ^  =  ^  —  ^  =  difference  in  latitude,  tpo  being  the  adopted  normal 

latitude. 
JA  =  A  —  Ao  =  difference  in  longitude,  Ao  being  the  adopted  nor- 
mal longitude. 
i»  =  a  const  ant  and  v,  tr,  Xj  and  y  coefficients  to  be  determined 
by  the  method  of  least  squares  from  the  observations  them- 
selves. 

In  order  to  shorten  the  labor  in  the  application  of  this  formula,  the 
observations,  after  having  been  plotted  on  illustration  No.  20,  Coast 
and  Geodetic  Survey  Report  for  1888-^89  (Isogonic  chart  of  Alaska  and 
adjacent  regions),  were  found  readily  to  group  themselves  for  average 
values,  as  follows: 


Numbers. 

^ 

A  (east). 

D  (east). 

0 

0 

0 

23,1,22 

52-36 

157-08 

972 

2,20,21,19 

5400 

161-25 

10-84 

3»4,5,6,  i« 

5702 

163-56 

16-03 

7,17,8 

6054 

17317 

1831 

15, 10, 14 

62- 10 

179-72- 

1995 

",13,12 

6444 

187-75 

2632 

Mean. 

<Po=58'4i 

Ao— 170-42 

Di  =  i6-86 

Observations  Nos.  9  and  16  of  the  general  table  were  omitted  as  defective  or  locally 
affected. 

The  observation  equations  and  the  five  normal  equations  were  formed 
and  solved,  whence  the  east  declination  for  the  epoch  1728*5. 

D  =  150-25  +  1-929  J  ^  —  0-436  JXcoBtp 

-  01242  ^g^  +  0-1172  J  A»  cos»9 
where  J^  =  ^  —  58^-41 

JA  s  A  - 1700.42  (east). 
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This  equation*  satisfies  the  observations,  as  follows: 


Xo. 


I 

2 

3 

4 

5 
6 

7 
8 

9 
lo 

II 

12 


Observed 
I)  (east). 


IO-47 
11-57 

1317 

1475 
16-98 

1880 

16-93 

19-62 

24-00  (?) 

21-17 

26-77 

25-52 


Computed  j^j^^^^^ 
D  (east;. 


No. 


Observed  |  Computed 
D  (east).  1   1)  (east). 


—  1-51 

—  2-22 

—  0-90 

-fo-38 

+  1-40 
+  0-89 

—  1-28 

-f  0-53 

(-f-4-27)? 

—  0-04 

+  1-55 

—  043 


13 

14 

'5 
16 

17 
18 

«9 
20 

21 

22 

23 


o 

2668 
20-00 
1867 

13-88  (?) 
18*40 

1645 

11-83 

8-64 
11-30 

770 
iroo 


Diflf.  O— C. 


0 

0    1 

25-78, 

+  0-90    1 

21*34 

—  1-34 

20-46 

—  1-79 

19-98 

(—610)? 

18-06 

+  0-34 

15-83 

-f  0-62 

878 

4-3-05 

809 

+  055 

992 

+  138 

804 

—  034 

1 1 -00 

o-oo 

The  probable  error  of  a  single  observation  is  given  by  the  expression 


0-674  /(£^  =  0074  J-f?i=  ±  00-97 
V  n-y  V  21-5 

but  if  we  admit  the  clillerences  of  Nos.  9  and  16  this  value  changes  to 
±  10*50.  We  may  fairly  ascribe  a  probable  uncertainty  of  -^  1^°  to 
Bering's  records,  which,  cx)nsidering  the  times,  must  be  taken  as 
evidence  of  carefully  made  obs<'rvations. 

The  exjiression  for  the  distribution  of  the  declination,  as  resulting 
from  Bering's  records,  can  be  brought  to  bear  with  good  eflfect  on 
the  fonnul»  deduced  for  the  secular  variation  at  three  stations. 
They  are  Petropavlovsk,  Kamchatka,  Port  Clarence,  and  Chamisso 
Island,  Alaska.  Eeferring  for  further  information  to  Appendix  No.  7, 
Coast  and  Geodetic  Survey  Report  for  1888,  the  formulae  there  given 
should  be  changed  to  the  following: 

For  PetropavlovHk  g}-. 
Vor  VoH  (.'laroiicc  <p: 
For  (^'liaraisso  TsM    tp: 

D=:^—  5--5:j-f  3'-62  8m  (l'15m-f  54o-6) 
1)  =  — 2H--0i»-i-4-'41  8in  (1-2  m-f  4^-6) 
D=— SO* -8X-f-4^  -35  Bin  (1-2  m-^  20'6) 

where  m  =  year  —  IS50  and  D  =  resulting  declination  tor  that  year, 
the  negative  sign  indicating  east  declination. 

For  these  places  we  have  from  Bering-s  observaticms,  as  discussed 
above,  the  declinations  —  lO^-l,  —  29o«l,  and  —  32o-6,  respectively,  for 
1728,  result*  which  are  fairly  represented  by  the  above  loinil  formulae. 

*  A  trial  was  made  to  introduce  an  additional  term  (depending  on  J<p  JX  cos  (p)^ 
bat  it  was  found  that  the  observations  were  not  accurat'C  enough  to  bear  such  a  tenUi 
the  effect  of  it  producing  an  aceord  entirely  artificial. 


53- 

or 

A  =  158^^  43'  E. 

65^ 

16' 

A  =  im<^  50'  W. 

m^^ 

13' 

A  — 16r^  49' W. 
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While  the  secular  change  expression  for  Petropavlovsk  is  greatly  im- 
proved, that  for  Port  Clarem*e,  and  consequently  also  the  expression 
for  Ohamisso  Island,  in  its  vicinity,  is  totally  changed.  This  is  duo  to 
the  extension  of  the  latter  formulae  over  an  additional  century;  yet 
modern  observations  are  greatly  needed  before  we  can  have  some  assu- 
ranee  that  we  are  making  substantial  improvements.  It  is  only  by 
taking  advantage  of  all  information  we  can  get  that  our  knowledge  of 
the  laws  of  the  secular  variation  griidually  attains  accuracy. 

H.  Ex.  43,  pt.  2—18 


I  . 


APPENDIX  NO.  6—1891. 


ON  THE  REDUCTION  OF  HYDROMETER  OBSERVATIONS  OF 

SALT-WATER  DENSITIES. 


8ol)mitted  for  publication,  Febrnary  18,  1890,  by  O.  H.  Tittmann,  Assistanty 
iu  charge  of  the  Oftioe  of  Standard  Wei^lits  and  Measures. 

Revised  for  republication,  February  1,  1892. 


The  hydrometers  heretofore  in  use  in  the  Coast  and  Geodetic  Survey 
for  detenniniug  the  density  of  oeejxn  water  are  described  in  Api)eiidix 
16,  Coast  Survey  Report  for  1874.  Tliey  are  of  glass,  of  the  usual 
form,  and  are  decimally  divided  on  tlie  stem.  Each  hydrometer  is  ac- 
companied by  a  copper  vessel  for  holding  the  water,  to  which  a  ther- 
mometer is  attached  with  the  apparatus  described  in  that  ai)i>endix. 
Fahrenheit  thermometers  were  used,  and  the  densities  given  by  the 
graduation  of  the  hydrometer  were  referred  to  pure  water  at  60^  F, 

The  introduction  of  the  centigrade  scale  and  of  &  graduation  to  give 
densities  referred  to  pure  water  at  4^  C.  necessitates  the  publication  of 
a  convenient  table  for  reducing  the  observations  to  the  temperature  of 
16^  C,  recently  adopted  by  this  Survey  and  by  the  U.  S.  Fish  Commis 
sion.  The  hydrometers  hereafter  issued  will  be  standardized  at  this 
temperature. 

The  following  table  for  the  reduction  of  observed  densities  to  15^  C. 
is  taken  from  Dittmar,  Physics  and  Chemistry,  ChaUenger  Expedition, 
Vol.  1,  after  applying  to  his  densities  one-half  of  the  coiTection  given 
by  him  for  reducing  them  to  Thorpe  and  Rucker's  results.  The  tem- 
perature at  which  the  density  of  the  stiindard  water  is  1'02600  has  been 
shifted  from  15o«56  to  15^  C.  for  the  sake  of  getting  an  integer  number. 
The  table  has  been  rearranged  so  as  to  give  the  densities  .of  the  stand- 
ard water  multiplied  by  1000  for  whole  degrees  and  tenths  from  Oo  to 
30O'9  O.  on  one  page. 

The  ratio  designated  (p  {t)  by  Dittmar  is  omitted,  and  only  its  recip- 
rocal is  given  in  the  column  headed  m.  The  values  there  given  apper- 
tain to  the  temperatures  on  the  same  horizontal  lines  given  in  the  fe%^ 
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column.  The  use  of  this  function  is  illustrate  in  the  examples  in 
which  it  appesirs  as  a  multiplier  for  the  pur|K>8e  of  allowing  for  the 
different  rates  of  expansion  between  standard  water  and  the  water  the 
density  of  which  is  being  det4>rniined. 

The  last  column  has  been  added  to  this  table  for  convenience,  and 
gives  the  correction  for  change  in  the  volume  of  the  hydrometer  itself. 
The  values  given  have  been  computed  for  the  mean  reading  1026,  and 
with  the  assumed  coefficient  of  cubical  expansion  for  glass  a  =  •000025. 

The  use  of  the  table  will  appear  from  the  following  examples: 


Example. 

I. 

11. 

o 

230 
-  01 

0 

io*5 

—     '2 

Obs.  temp. 

Corr.  to  tiicrmomctcr. 

* 

Corrected  temp.  r=  /. 

Observed  hydr.  reading. 

Corr.  for  expansion  of  hydr.  =rr  a. 

Corr.  for  hydrometer  constant. 

Observed  density  at  / — OD. 
Density  of  standard  water  at  /  ^=  SD. 

OD  — SD. 

m,  tabular  multiplier. 

m  (OD      SD.) 
Standard  water  at  15°  C. 

Corrected  density  at  15°. 

22*9 

1021*00 
—  0-20 

•              • 

io*3 
1029*29 

-f     -12 

•              • 

1020*80 
1023-99 

1029*41 
1026*92 

—  319 
1018 

+  2-49 
•987 

—  3-25 
1026*00 

+  2-46 
1026*00 

1022*75 

1028*46 

For  observations  which  have  been  reduced  to  60^  F.,  made  with  the 
old  hydrometers  indicating  densities  referred  to  pure  water  at  60°  F., 
it  will  suffice  to  subtract  the  constant  0*82  from  the  result  in  order  to 
convert  the  latter  into  absolute  densities  at  15°  C. 

Example:  Given  1024*00  the  density  of  salt  water  at  60^  F.  referred 
to  pure  water  at  60©  F.,  1024-00  -  0*82  =  1023-18  its  density  at  15o  0. 
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ON  AN  INVESTIGATION  OF  THE  RELATIONS  OF  COLD  AND  WARM  OCEAN 
CURRENTS  OFF  THE  NEW  ENGLAND  COAST,  BY  THE  U.  S.  FISH  COM- 
MISSION,  WITH  THE  COOPERATION  OF  THE  U.  S.  COAST  AND  GEO-' 
DETIC  SURVEY. 


By  William  LinnEY,  jr.,  U.  S.  Fish  CommisBloiii 
SubI^itte(l  for  publication  December  21,  1891. 


Tlirough  the  courtesy  of  the  U.  S.  Coast  Survey,  the  steamer  Btdke^ 
Lieut.  0.  E.  Vreeland,  U.  S.  N.,  assistaht,  Coast  and  Geodetic  Survey, 
commandiug,  was  detailed  to  investigate  the  relations  of  the  cold  and 
warm  currents  off  the  New  England  coast,  under  the  direction  of  the 
writer,  in  connection  with  the  work  of  the  U.  S.  Fish  Commission 
during  the  summer  of  1890. 

The  region  chosen  for  study  was  that  lying  between  Block  Island,  on 
the  west,  and  the  eastern  border  of  Nantuciket  Island,  on  the  east,  and 
extended  150  mile«  to  the  southward  from  these  two  islands.  Between 
the  eastern  and  western  limits  given  above  ten  lines  were  laid  out 
nearly  at  right  angles  to  the  coast  and  150  miles  long.  These  lines 
were  thus  located  at  intervals  of  ten  minutes  (of  longitude)  as  nearly 
as  possible,  and  upon  each  of  them  fifteen  stations,  also  at  intervals  of 
ten  minutes  (of  latitude),  were  placed,  where  observations  were  made 
upon  the  temperature  and  density  of  the  water. 

At  each  station  observations  were  made  upon  the  temperature  of  the 
water  at  the  surface  and  at  the  follo\ving  intervals  in  depth:  5, 10,  15, 
20,  25,  30,  40,  50,  75,  100,  and  200  fathoms  in  deep  water,  and  the  same 
intervals  were  used  in  shoal  water  as  far  as  possible.  The  specific 
gravity  of  the  water  was  observed  at  the  surface  and  bottom  of  the 
water  in  every  instance,  and  at  intermediate  depths  where  it  was 
deemed  advisable.  • 

Work  was  begun  upon  July  9  and  ended  upon  August  4;  of  this  time, 
however,  there  were  only  nineteen  ai^tual  working  days.  Between 
July  9  and  July  16  six  complete  lines  were  nni;  between  July  20  and 
July  24  four  more  were  made,  and  between  July  30  and  August  4 
the  remaining  five  were  niiwle.    Tliis  latter  set  of  five  coveve.<L  ^Vns^. 
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same  groand  as  the  previous  ten,  using  a  20-iiiile  interval  between  tlie 
lines  instead  of  one  of  10  miles. 

Accompanying  these  observations  a  complete  set  of  meteorological 
records  was  made  each  hour  wliile  we  were  ui)on  the  ocean.  Upon  the 
first  two  trips  of  tlie  Blake  I  was  assisted  by  Mr.  L.  W.  Mndge,  and  on 
the  last  trip  Prof.  C.  G.  Ko<»kwood,  jr.,  took  my  place,  and  he  and  Mr. 
Mudge  made  the  remaining  observations. 

The  astronomical  work  of  navigation,  tlie  location  of  stations,  etc., 
was  done  by  the  oflicers  of  the  Blake^  and  we  are  indebted  to  Capt. 
Yreeland  and  his  associcites  for  much  valuable  aid  throughout  the 
whole  time  we  were  upon  tlie  vessel.  Every  facility  was  rendereil  us, 
and  the  resulting  temperature  profiles  show  the  great  advantages  to 
be  derived  from  such  complete  appliances  and  such  able  and  willing 
cooperation. 

In  all  about  2  500  observations  were  made  upon  the  temperature  of 
the  water  and  500  observations  upon  its  specific  gravity.  In  addition 
there  were  over  6  500  meteorological  observations  recorded.  We  occu- 
pied 225  stations  upon  the  area  where  we  had  planned  to  work,  and 
these  stations  are  shown  upon  the  map  which  will  accompany  the  full 
report  of  our  work.  The  observations  have  all  been  reduced  and  tab- 
ulated for  publication,  and  15  temperature  profiles,  giving  the  tempera- 
ture curves  of  50°,  65^,  60^,  and  70^,  have  been  prepared,  whicih  show 
the  relations  of  the  cold  and  warm  bodies  of  water  to  one  another  very 
clearly,  and  give  much  more  distinct  ideas  of  their  relative  positions 
at  the  edge  of  the  continental  plateau. 

The  full  report,  which  is  rapidly  nearing  completion,  involves  the 
consideration  of  the  other  observations  umde  by  my  parties  in  the 
service  of  the  U.  S.  Fish  Commission,  viz,  the  schooner  Orampus,  which 
was  at  work  upon  the  same  area  at  the  saine  time,  and  also  a  series 
made  upon  the  Nantucket  New  South  Shoal  light-ship. 

The  report  shows  in  brief  that  we  have  to  deal  with  two  different 
sets  of  currents. 

1.  Deep  currents,  flowing  in  two  (generally  opposite)  directions, 
alongside  of  one  another,  whose  courses  are  controlled  more  by  the 
mechanical  influencw  of  the  impact  of  one  current  upon  the  other,  their 
relative  velocities,  etc.,  than  by  changes  in  temperature  and  density, 

2.  Surface  currents,  flowing  in  the  same  general  directions  as  the 
deep  currents  and  subject  to  the  same  mechanical  laws,  but  whose 
courses  are  in  addition  affected  to  a  very  considerable  degree  by  the 
Irictional  influence  of  the  winds,  and  a  peculiar  condition  which  has 
not  been  found  t9  hold  for  the  deep  currents,  viz,  an  apparent  reversal 
of  portions  of  the  warm  current.  The  outlying  bands  of  waiiner  and 
denser  water,  which  pass  off  from  the  shore  side  of  the  Gulf  Stream, 
are  apparently  drifted  toward  the  shore  or  away  from  it  to  an  amount 
dei)endent  upon  the  direction,  velocity,  and  duration  of  the  winds,  and 
when  they  are  forced  toward  the  shore,  thus  bridging  over  the  colder 
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current,  as  they  pass  farther  from  the  source  of  their  original  velocity 
they  are  overpowered  and  reversed.  They  retain  much  of  their  tem- 
perdture  and  density,  and  this  to  a  considerable  depth,  but  their  direc- 
tion is  sometimes  at  right  angles  and  then  opposite  to  that  of  their 
original  course. 

A  more  extended  reix)rt  upon  the  subject  can  not  be  presented  at 
this  time  without  involving  a  discussion  which  would  need  the  help 
of  the  records,  with  the  plates  and  maps  accompanyij^  them,  to  sup- 
plement the  statements  made.  Enough  has  been  said  to  indicate  the 
nature  of  the  investigation  and  the  im^mrtant  addition  made  towards 
its  solution  by  the  help  of  the  steamer  Blake. 

The  practical  object  sought  by  the  Fish  Commission  is  to  determine, 
if  possible,  the  physical  conditions  which  control  the  movements  of  the 
schools  of  fish. 

As  the  temperature  of  the  water  controls  the  growth  and  distribu- 
tion of  the  food  of  the  fish,  the  study  of  the  changes  which  take  place 
in  it  and  of  their  causes  becomes  a  matter  of  considerable  importance. 
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ON  THE  CHANGES  IN  THE  SHORE  LINES  AND  ANCHORAGE  AREAS  OF 
CAPE  COD  (OR  PROVINCETOWN)  HARBOR  AS  SHOWN  BY  A  COMPAIII- 
SON  OF  SURVEYS  MADE  BETWEEN  1835,  1867,  AND  1890. 


A  report  by  Hknry  L.  Marindin,  Assistant. 
Submitted  for  publication  March  28,  1891. 


The  completion  of  the  resiirvey  of  Cape  Cod  Harbor  *  in  1890  has 
enabled  us  to  make  a  comparison  witli  its  condition  in  1867,  and  for 
parts  of  it  with  the  eariier  survey  of  1835,  and  to  ascertain  what 
changes  have  obtained  in  the  shores  and  depths  of  this  most  important 
harbor  of  refuge.  • 

In  order  to  realize  the  intrinsic  value  of  this  liarbor  as  a  port  of 
refuge  we  may  note  the  following  statistics  for  the  fiscal  year  ending 
July  1,  1890,  kindly  fiirnished  by  Mr.  Myrick  E.  Atwood,  deputy 
collector: 

Number  of  vessels  visiting  this  port  for  shelter,  4  000 
Estimated  value  of  commerce  and  navigation 

seeking  slieltor  during  the  year,  $10  000  000 

Number  of  entries  from  foreign  ports,  27 

T  onnage  of  vessels  entered  from  foreign  ports,  4  462 

Number  of  clearances  for  foreign  ports,  20 

Tonnage  of  vessels  cleared  for  foreign  ports,  1  924 

Number  of  vessels  hailing  from  the  port,  122 

For  some  years  prior  to  1867  the  citizens  of  Provincetown  had 
entertained  gravti  fears  that  the  harbor  was  being  silted  up  by  the 
movement  of  sands  from  Lancys  Harbor  and  House  Point  Island  flats 
on  one  side,  and  from  East  Harbor  on  the  other  side,  re-enforced  by  such 
material  as  might  find  its  wfiy  into  the  harbor  from  the  south  side  of 
Long  Point. 

In  1867  a  call  was  made  on  the  U.  S.  Coast  Survey  by  the  Harbor 
Commissioners  of  Massachusetts  for  a  resurvey  of  the  harbor  of  Prov- 
incetown; this  resulted  in  a  survey  during  that  -year  by  the  party  of 

•  The  name  first  given  to  what  is  now  geueraUy  known  as  Provincetown  Harbor. 
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AsBiataut  Henry  L.  Whiting,  followed  by  a  report  published  in  Apjien- 
dix  No.  12,  Coast  Survey  Report  for  1867. 

In  this  report  Mr.  Whiting  discusses  the  results  of  a  comparison 
made  with  the  survey  of  Major  Graham  in  1835.  The  subjects  were 
discussed  under  three  heads:  First,  with  reference  to  changes  at  Long 
Point  and  on  House  Point  Island  flats;  second,  East  Harbor  Inlet  and 
Beach  Point;  and  third,  the  Bea<;hes  at  the  head  of  East  Harbor. 

Some  of  the  recommendations  for  improvement  suggested  by  Mr. 
Whiting  have  been  carried  out.  A  dike  was  built  by  the  United 
States  at  the  "wading  place''  at  High  Head  in  1868-'(>9;  another  dike 
was  built  across  the  outlet  of  East  Harbor  Creek,  by  the  State  of 
Massachusetts,  ettectually  cutting  off  the  water  communication  between 
East  Harbor  and  the  bay;  and  in  1870  still  another  dike  was  thrown 
across  the  head  of  Lancys*  Harbor  at  Abel  Hill  to  prevent  the  flow 
of  the  tide  from  Lancys  Harbor  into  the  main  harbor.  This  dike  was 
rebuilt  in  1871. 

A  study  of  the  results  of  the  present  comparison  points  decidedly  to 
the  conclusion  that  these  improvements  have  in  great  measure  arrested 
the  forces  which  were  working  towards  the  injury  of  the  harbor.  The 
success  of  the  dike  at  Abel  Hill  in  arresting  the  wash  of  the  sands 
from  Lancys  Harbor,  only  points  with  stronger  emphasis  to  what 
should  be  done  to  arrest  the  wash  of  material  from  House  Point  Island 
flats.      • 

So  long  as  the  low  and  narrow  sandy  barrier,t  to  the  northward  of 
Wood  End  Light-house,  remains  intact,  the  wash  off  the  flats  will 
remain  at  a  minimum;  but  should  the  seas  make  a  breach  through  the 
beach  during  a  gale,  there  is  no  telling  what  damage  might  follow,  and 
it  would  seem  the  part  of  prudence  for  the  Government  to  heed  the 
recommendation  made  by  Mr.  Whiting  in  1807,  and  urged  again  in 
1886  by  Major  Gillespie,  U.  S.  Engineers,  that  a  dike  be  built  from 
Stevens  Point,  in  Provincetown,  to  Long  Point,  thus  effectually  in- 
closing the  whole  of  House  Point  Island  flats. 

The  preservation  of  Long  Point  (a  natural  mole  guarding  the  deep- 
water  basin  of  the  harbor),  which  has  been  in  charge  of  the  U.  S.  En- 
gineers, should  be  advanced  by  ample  approi)riation8  from  the  General 
Government. 

In  preparing  this  report  it  was  not  our  intention  to  go  back  to  the 
survey  of  1835,  but  the  manner  of  comparison  by  areas  was  not  pursued 
in  the  report  of  1867,  and  furthermore  the  survey  of  1867  did  not  deter- 
mine the  depth  beyond  the  18-foot  curve;  this  left  out  of  the  compari- 
son all  the  area  of  deeper  water,  and  it  was  deemed  instructive  if  not 

*  Lancys  Harbor  is  now  a  dry  sand  and  gravel  slough,  the  outlet  into  Herri  ag 
Cove  having  been  closed  by  the  action  of  the  sea. 

tin  1889  the  width  of  this  beach  from  the  high- water  lino  outside  to  the  high- 
water  line  inside  of  the  harbor  was  only  50  feet.    This  width  would  be  reduced  one-^ 
I/s2/'  during  a  severe  gale  from  the  westward  at  the  time  of  high  water. 
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On  the  changes  in  the  shore  lines  and  aiwhoragc  areas  of  Cape  Cod 

{or  Frovincetown)  Harbor ^  etc, — Continued. 

important  to  know  the  condition  of  this  part  of  the  harbor  in  1835  and 
what  changes  had  taken  place  np  to  1890. 

It  was  necessary,  for  our  purpose,  to  set  off  a  part  of  the  bay  as  the 
harbor  proper,  and  to  identify  the  limits  on  all  the  surveys  to  be  com- 
pared; this  was  done  by  drawing  a  line  from  Long  Point  light-house 
to  the  summit  of  Mount  Oilboa  as  the  eastern  limit,  and  by  calling  all 
to  the  westward  of  this  line  the  anchorage  ground  to  be  compared. 
This  line  is  indicated  on  the  accompanying  comparative  map  (illustra- 
tion No.  11). 

By  referring  to  this  map,  on  which  the  position  of  the  fathom  curves 
is  given  as  they  existed  in  1807  and  1889-'90,  the  following  detailed 
statement  of  the  changes  in  the  area  of  anchorage  ground  will  more 
readily  be  understood.  We  have  also  indicated  on  the  map,  by  sharp 
contrast  in  shading,  the  places  and  extent  of  shift  of  contour  under 
water  and  also  (as  in  East  Harbor)  the  areas  covered  by  sands  shifted 
by  the  winds  (traveling  dunes). 

In  1835  that  portion  of  the  harbor  with  greater  depth  than  30  feet 
contained  487  acres;  this  was  reduced  to  474  acres  in  1889,  a  loss  of  13 
acres  in  54  years,  or  at  the  rate  of  five-hundredths  of  1  per  cent  per 
year.  There  is  reason  to  believe  that  the  greater  share  of  this  reduc- 
tion obtained  before  1867,  at  which  date  the  closure  of  East  Harbor 
and  Lancys  Harbor  had  not  been  effected. 

Between  the  30-foot  curve  and  the  24-%ot  curve  the  area  in  1835  wa« 
51  acres;  in  1889  it  was  58  acres,  an  increase  ow  acres,  or  at  the  rate 
of  one- tenth  of  1  per  cent  per  year. 

Between  the  24-foot  curve  and  the  18-foot  curve  the  area  was  137 
acres  in  1835  and  147  acres  in  1889,  showing  again  an  increase  of  area, 
and  at  the  rate  of  thirteen-thousandths  of  1  per  cent  per  year. 

No  comparison  of  the  preceding  areas  could  be  made  with  the  sur- 
vey of  1867,  as  the  soundings  taken  at  that  date  were  limited  to  18  feet 
of  depth. 

Between  the  18  and  12  foot  contours,  the  area  was  found  to  have 
been  178  acres  in  1835  and  175  acres  in  1867,  indicating  a  loss  of  area 
at  the  rate  of  five-hundredths  of  1  per  cent  per  year.  In  1889  the  area 
was  again  178  acres,  the  same  as  54  years  before,  and  showing  an  in- 
crease of  3  acres  since  1867,  or  at  the  rate  of  eight-hundredths  of  1  per 
cent  per  year. 

Between  the  12  and  6  foot  contours  the  area  was  160  acres  in  1835 
and  163  acres  in  1867,  an  increase  at  the  rate  of  slx-hundrcdths  of  1  per 
cent  per  year.  In  1889  the  area  wa«  159  acres,*  a  loss  of  4  acres  since 
1867,  or  at  the  rate  of  one- tenth  of  1  per  cent  per  year. 

Between  the  6-foot  curv^e  and  the  line  of  mean  low  watft;^:  "^^  ^jst^sa. 
was  289  acres  in  1835  and  238  acres  iiil861,^\o^^oi^\^cx^'s^^  ^-^  ^\5w^ 
rate  of  one-fifth  ofl  per  cent  per  year,    lu  188ft,  m>itA\3L>3Kifc  ^^swsi^^vsknX^*^ 
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the  area  was  258  ax^res,  indicating  an  increase  of  area  of  liO  acres  in  22 
years,  or  fonr-tenths  of  1  i)er  cent  per  year. 

If  we  compare  the  entire  harbor  area  outside  of  the  mean  h>w  water 
line,  we  lind  that  in  1835  this  area  was  1,302  ticres,  and  that  in  1867  it 
had  been  reduced  to  1,247  aeres,  a  loss  of  55  acres  in  32  years,  or  one- 
tenth  of  1  per  cent  per  year.  Between  1807  and  1889  the  area  in- 
creased to  1,274  atires,  or  27  acres  in  22  ye^rs,  wliich  is  at  the  rate  of 
nine-thousandths  of  1  per  cent  per  year.  These  results  are  confirmed 
by  an  inspection  of  the  comparative  maps,  which  shows  a  resultant 
shoreward  movement  of  th<»  submerged  contours  and  thus  points  to  the 
conclusion  that  tlie  c^)nditions  since  1867  are  most  favorable  to  the 
maintenance  of  the  present  depths. 

In  table  No.  1  will  be  found  tabulated  the  areas  of  anchorage  ground 
for  the  yeiirs  1835,  1867,  and  1889. 

The  data  exhibited  on  illustration  Xo.  11  extend  beyond  the  limits 
reserved  for  this  report;  there  is  one  feature,  however,  to  which  we 
would  call  special  attention,  and  that  is  the  large  belt  eroded  fnmi  the 
outer  shore  of  the  cape  in  the  vicinity  of  what  was  once  East  Harbor. 

Table  No.  1. —  Water  areas  In  Cape  Cod  Harhor^  west  of  a  line  drawn 
from  Long  Point  to  Mount  GiWoa,  1835,  18(i7j  1889-^90. 

[Area  in  UfriiR.    Tin*  +  «ij;ii  (U:iio(o4  iiicreaAiii;;  an*a.    Tlio  —  nipi  di'iiDtcM  docreasin;;  area.] 

!    Per  cent 


Limits  embraced. 


Outside  of  mean  low-water  line. 
Outside  of  6  feet  of  depth. 
Outside  of  12  feet  of  depth. 
Outside  of  18  feet  of  depth. 
Outside  of  24  feet  of  depth. 
Outsi<le  of  30  feet  of  depth. 


1835. 


1867. 


I  'er  cent 
of  yearly 

chanj;e 
1835-1S67. 


1889-90.  ''[y-'-^'^y 


chaiij 
1867-1889. 


I  302 
I  013 

853 
67s 

487 


1247 

1 009 

846 

671 

not  given 
not  given 


I  •- 


o-ooi  ^ 

0-0002 
0-0003 
00002 


1 274 

-}-  00009 

I  016 

-  -  00003 

J<57 

-|-  0CKX>6 

679 

f-  00005 

532 

474 

MOVEMENT   OF  THE   BORDER  OF   HOUSE   POINT   ISLAND   FLATS. 

The  encroachment  of  these  Hats  on  the  harbor  was  noticed  in  18G7, 
and  formed  part  of  the  discussion  in  Mr.  Wliiting's  report  of  that  date. 

A  comparison  of  the  conditi(ms  in  1889  with  those  which  i>revailed  in 
1867  has  been  found  interesting,  and  the  results  have  been  grouped  on 
the  accompanying  sketch  (illustration  No.  11-').  We  have  illustrated 
the  cininges  in  the  depth  by  shading  lines,  whieh  indicate  shoaling 
or  deepening,  the  lightest  sliading  representing  0  to  .*5  feet,  the  next 
heavier  shading  3  to  0  feet,  and  so  on.  Wliere  no  change  has  been 
detected  it  is  indicated  by  cross  shading. 

The  area  examined  (which  comprises  the  area  covered  by  the  sound- 
ings taken  in  1807  on  the  slope  between  the  line  of  mean  low  water  and 
the  contour  at  30  feet  of  depth)  covers  1C8  acres;  of  these  81  acres  show 
shoaUngf  67  acres  show  deepening,  and  20  acres  no  change  in  depth. 
Tli0  znaterial  brought  to  this  slope  aiuce  1^^1\>^  \Xi^  >nvn&\v  q^  "O^v;^ 
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Hats  and  from  other  sources  amounts  to  196,339  (!ubic  yards,  and  the 
volume  removed  amounts  to  102,019  cubic  yards*  which  leaves  an  ex- 
cess of  shoaling  of  34,320  cubic  yards.  Should  this  volume  be  spread 
evenly  over  the  area  of  the  slope  the  reduction  in  depth  would  amoaut 
to  IJ  inch  only;  but  the  accumulation  has  taken  place  in  siK)ts,  nota- 
bly on  the  north  side  and  near  the  end  of  Long  Point,  on  a  sharp  slope 
of  1:4,  as  measured  between  the  0-foot  and  the  30-foot  curves.  The 
shoaling  in  this  case  is,  however,  in  the  direction  of  an  improvement, 
in  that  it  strengthens  the  end  of  the  point,  which  has  shown  a  tendency 
to  erosion  on  the  seaward  side. 

In  the  bottom  of  the  bight,  about  halfway  between  Long  Point  and 
Union  Wharf  (see  illustration  No.  12),  the  c(miparison  reveals  in  one 
place  (section  on  A  B)  a  retreat  of  the  contours  between  6  and  30  feet 
of  depth,  and  in  another  place  (section  0  D)  a  sharp  advance  of  the 
edge  of  the  flats.  Where  shoaling  prevailed,  the  slope  between  the  6 
and  30  foot  contours  has  become  steeper,  from  1 : 8  in  1867  to  1 : 5  in 
1889.  Where  deepening  has  obtiiined  the  reverse  has  taken  jdace;  the 
slope  which  in  1867  was  1 : 6  had  become  1 : 9  in  1889,  i,  c.,  both  the 
deepening  and  the  shoaling  processes  have  gone  on  in  the  shallower 
depths  of  the  slope. 

The  tabulation  of  the  depths  on  cross  sections,  shown  on  illustration 
No.  12,  will  be  found  in  the  annexed  tables  Nos.  2  to  4. 

The  illustrations  were  drawn  by  Mr.  Homer  P.  Ritter  and  the  com- 
pilation of  the  data  is  the  joint  work  of  Mr.  Kit^  and  myself, 

Taule  No.  2.* — Sections  on  AB. 


] 

835. 

I 

867. 

I. 

S89. 

♦^ » • 

**  ^  ' 

Dis- 

^? 

Dis- 

"•^ 

, 

Dis-      « ^ 

tance 

from 

origin. 

1^ 
Feet. 

Remarks, 

tance 

from 

origin. 

Feet. 

j       Remarks. 

i 

tance 

from 

origin. 

Depth 
M.L. 

Remarks. 

Metres. 

Metres. 

1 
i 

Metres. 

Feet. 

1 

o 

0 

Origin  at  mean 

0 

0 

1 

low  water  of 

146 

0 

'Mean      1 0  w  1 

"3 

0     Mean     1 0  \v 

1835. 

water,  1867. 

1 

1     water,  1889. 

224 

2 

Low     water 

208 

4 

180 

3 

(springs). 

230 

S\ 

214 

6 

233 

6 

244 

6 

253 

12 

248 

12 

273 

12 

263 

18 

264 

18 

279 

18 

273 

24 

274 

24 

285 

24 

281 

30 

28S 

30 

293 

30 

338 

52 

309 

39 

298 

32 

423 

59 

334 

55 

325 

45 

498 

57 

392 

53 

363 

55 

443 

58 

. 

*  See  illustration  No.  Id. 
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Table  No.  'J.'—f<fctions  on  CD. 


.           .S3. 

1867. 

iSSy. 

-is 

from 

1^ 

Remarit!. 

ori°eiI.. 

'fi 

Kcmaiks. 

oK^n. 

p 

Rem 

■irks. 

Atttn,. 

Ffft 

Aftftfs. 

FfFl 

;l/f/rej. 

A>^f 

0 

low    water. 

ISO 

13s 

i83S- 

wilcr.  1867. 

,  iSSy. 

6 

'(il'rine.). 

192 

J4S 

I 

170 

»4S 

1 

6 

*34 

264 

*4 

260 

^4 

J70 

24 

,16 

If. 

ago 

10 

yi 

J9I 

S7 

670 

S^l 

'  Sra  illustration  No.  12. 

Table  No.  4.'— ifecit(>««  «h  .BF. 


.       "835- 

1867. 

.S89->9o. 

Dis- 

=^ 

Dis- 

'>: 

Dis- 

S^ 

ftl!" 

SH 

Kcniarks. 

1.-^. 

Remarks. 

from 

f"^ 

Remarks. 

origin. 

s- 

otigin. 

a'- 

origin. 

5* 

Mtlns. 

Frrt 

.Vf/rts. 

Ffft 

.Vflr». 

/vM. 

s 

Origin  at  E. 

Origin  at  E. 

■C7 

74 

99 

70 

iS'i 

61 

S2 

6S 

.89 

73 

206 
224 

5& 

85 

69 

(1 

?4I 

'5^ 

71 

273 

° 

Mean       low 
water.  ISJS. 

252 

° 

wHicr,  1867. 

'79 

11 

334 

'835- 

297 

High    water, 
.S67. 

243 

35* 

At  I.onc  I'oint 
light  house. 

35' 

At  lx)ng  Point 
1ighl-hau»e. 

IS* 

° 

water,.  8S9. 

3'.4 

H.Bh    water, 

.  ','"^-  .      ' 

398 

° 

water,  1835. 

352 

Atljing  Point 
lighl-hous,.-. 

46] 

6 

372 

S3   . 

S6l 

392 

690 
730 
748 

'3 

461 

^76 

6 
9 

■M 

24 

777 

iu 

41 

24 

M2q 

oS;^ 

792 

1<J 

/ 

vp; 

-,j 

:= 

832 

7!* 

'SMiUoBUaUouSo.  U., 


1 
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CROSS-SECTIONS  OF   THE   SHORE   OF  CAPE   COD,  MASSACHUSETTS, 
BETWEEN  THE  CAPE  COD  AND  LONG  POINT  LIGHT-HOUfciES. 


A  report  by  Henry  L.  Marindin,  Assistant. 
Submitted  for  publication  April  21,  1891. 


Ill  tlie  publication  of  the  following  tables  of  cross-sections,  two  objects 
are  attained.  In  the  first  place,  it  offers  to  persons  interested  in  study- 
ing the  action  of  the  seas  on  the  coast  line,  the  means,  in  a  convenient 
form,  of  comparison  with  former  surveys  ;  secondarily,  it  insures  from 
possible  loss,  by  multiplication,  a  large  amount  of  field  and  ofiice  work, 
which,  if  otherwise  preserved,  would  be  represented  by  reconls  not  in 
shape  lor  immediate  use. 

The  annexed  tables  complete  the  mold  of  the  south  shore  of  Cape 
Cod,  and  include  that  portion  between  the  Cape  Cod  Lighthouse  and 
the  mouth  of  the  harbor  of  Provincetown.  They  are  supplementary  to 
the  series  published  in  Appendix  No.  13,  Coast  and  Geodetic  Survey 
Report  for  1889,  which  included  the  shore  between  Chatham  and  the 
Cape  Cod  Lighthouse. 

These  cross-sections  will  average  1  in  300  metres,  beginning  with 
No.  144,  at  a  point  about  157  metres  east  of  Highland  Life-saving  Sta- 
tion and  continuing  to  No.  229,  at  the  end  of  Long  Point. 

The  plane  of  reference  for  the  elevations  is  mean  sea  level,  as  derived 
from  a  series  ot  observations  of  the  rise  and  fall  of  the  tides  made  at 
Chatham  in  1887,  which  was  found  to  be  40-51  feet  below  the  Coast  and 
Geodetic  Survey  Bench  Mark  No.  iv,  on  Chatham  North  Lighthouse. 
Tliis  plane  of  reference  was  carried  along  by  means  of  two  lines  of  pre- 
cise levels  run  in  opi)osite  directions.  A  number  of  bench  marks  were 
established  at  available  points  along  shore,  descriptions  of  which  are 
appended. 

The  position  of  tlie  origin  of  the  cross-section  can  readily  be  ])latted 
on  a  projection  map  by  using  the  latitude  and  hmgitude  of  the  origin 
given  in  the  table,  and  the  direction  of  the  section  m  ly  bo  obtaineil  by 
laying  out  the  azimuth  (which  is  true),  also  found  in  the  table.    This 
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aziuiutb  is  measured  from  the  south,  where  it  is  O^  around  by  west  to 
north,  thence  to  south,  where  it  becomes  300o. 

The  tables  numbered  0  to  25  give  the  cross-se^^tions  within  Gape  Cod 
Bay,  beginning  at  a  point  on  High  Head,  Truro,  and  extending  to  the 
extremity  of  Beach  Point. 

Be4ich  Point  is  the  name  of  the  sandy  barrier  dividing  what  was  once 
"East  Harbor"  from  the  waters  of  Oape  Cod  Bay.  While  the  tide  still 
flowed  through  the  inlet  into  East  Harbor,  Beach  Point  was  debatable 
ground  with  reference  to  the  causei*  of  injury  to  the  harbor  of  Province- 
town,  but  now  that  this  inlet  is  closed  artificially,  its  importance  lies 
in  it«  being  maintained  as  a  beach  and  a  means  of  more  direct  com- 
munication between  Tniro  and  Provincetown. 

All  the  explanations  given  in  the  foi'egoing  apply  also  to  the  tables 
of  cross-sections  for  Cape  Cod  Bay. 

The  computations  were  made  by  Messrs.  E.  E.  Haskell  and  Homer 
P.  Bitter,  and  the  preparation  of  the  tiibles  for  publication  was  done 
by  Mr.  Bitter  and  myself  jointly. 


EEPORT   FOK   1891 PART   II.  291 

Cross-sectinns  of  the  skore'of  Cape  Cod,  etc 


CROSS-SECTION  No.  144. 

CROSS-SECTION  No.  I4S-            | 

No.  i57of  1SS9. 

No.  159  <rf  1889. 

[Olil^D: 

[Origin: 

I.Uilu(le,  4>'  «'  Jo"'41  lonjcitudc. 

TO* 

o,'»'"6!«ll<BUth,  ..,'os'-] 

70' 

04' 3)'"8;«innith.  ..,•■!•.] 

Heieht 

ileighl 

Distance 

above  or 

distance 

above  or 

from 

beliiW 

Remniks. 

i      from 

below 

Rcmarki. 

OTigin. 

level. 

origin. 

level. 

Jlfitirt. 

/■itt. 

AMrti. 

Jitl. 

0 

661 
70-I 

1              ^ 

699 

40 

69-2 

40 

68-2 

ia 

69'J 

60 

74-3 

So 

71-9 

1              *■ 

8t7 

693 

ItlufT  stake. 

86-6 

160 

16-5 

Foot  of  bluff. 

944 

16S 

"57 

>.'         140 

82-7 

is.i 

161 

Edge  of  table. 

160 

84-3 

188 

13;8 

Itcach  intake. 

iSo 

777 

ao8 

77-5 

216 

-08 

.224 

761 

Uluffslake. 

218 

ill 

!           z6o 

216 

248 

i           275 

164 

Fool  of  bluff 

368 

+  o'4 

,           2S0 

152 

»7J 

+  o-o 

300 

'S-5 

Beach  stake. 

y.o 

-  7-S 

J06 

13*3 

400 

-178 

320 

•  39 

S<» 

-M-3 

'          330 

o-S 

600 

-ji8 

340 

2-4 

700 

-18  8 

360 

69 

800 

-22-8 

58o 

900 

-318 

390 

—  3-3 

-3.V8 

1         Soo 

—  T° 

1060 

-36-8 

600 
700 

— 188 

—22-3 

800 
900 

1  zoo 

1300 

■  3SO 

-2S-8 
-30-8 
-.368 
-408 
.-44-8 
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Oro88-8€ctions  of  the  sh4)re  of  Cape  Cod,  efc— continued. 


• 

CROSSSECllON  No.  146. 

CROSSSECTION  No.  147. 

No.  161  of  1889. 

No.  163  of  1889. 

[Orifirin : 

Latitude,  42"  02'  56"'6 ;   longitude, 

[Origin : 

Latitude,  42"  03'  o5"a  ;    longitude, 

TO' 

04'  44"*9;  azimuth,  31  a"  37'.] 

70* 

04'  53"'a;  azimuth,  21  a<*  37'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Me/rfs. 

Fcff. 

Afe/rfs. 

Fff/. 

0 

65-8 

0 

195 

20 

67-8 

20 

183 

40 

70-2 

40 

21.7 

60 

71*2 

60 

19-4 

80 

69-0 

80 

21*2 

100 

659 

100 

20-4 

120 

708 

120 

24*4 

140 

783 

140 

294 

160 

810 

147 

326 

Hluff  stake. 

180 

820 

160 

281 

200 

814 

180 

220 

220 

824 

• 

200 

i8-3 

240 

57-6 

220 

145      Beach  stake. 

241 

55-2 

238 

11*3  '  Crest  of  beach. 

260 

370 

240 

79 

280 

23- 1 

260 

—  17 

300 

190 

280 

—  3*4 

320 

171 

m 

300 

-3-^ 

340 

145 

Keach  stake. 

303 

—    I'2 

356 

135 

Crest  of  beach. 

320 

—    1-2 

360 

120 

340 

—  2*3 

366 

6*9 

350 

-   30 

• 

380 

04 

400 

-  7-3 

400 

—  4-5 

500 

-i8-3 

420 

-{-  2-6 

600 

—20-3 

440 

4"  o-i 

700 

— 190 

460 

-  1-6 

800 

-  -19-8 

471 

—  2-4 

900 

-26-8 

500 

-  7-0 

I  000 

-33-8 

600 

—17-8 

1070 

-37-8 

700 
800 

—21-3 

—20-3 

1 

900 

— 188 

I  000 

—25-8 

I  100 

-308 

I  200 

-37-8 
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Cross-sections  of  the  shore  of  Cape  Cody  ete— Coiiiinued. 


CROSSSECTION  No.  148. 

CROSSSECriON  No.  149. 

No.  165  of  1889. 

No.  167  of  1889. 

[Origin: 

l^ititude.  42°  03'  ii"*5;   lonffitude, 

[Origin: 

Latitude,  49**  03'  if*'a\  longitude. 

TO** 

05'  oi"'s;  azimuth,  aia"  38'.) 

700 

05'  »3"'5;   Miniuth,  ao9»  45'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Me/res, 

Ffff. 

Afe/rfs. 

/>^/. 

0 

51 

0 

61 

20 

6-3 

20 

iO'4 

40 

11*3 

40 

194 

60 

12-4 

60 

.  263 

80 

135 

80 

329 

100 

22-8 

90 

33*2 

Bluff  stake. 

114 

33-2 

Bluff  stake. 

100 

281 

122 

257 

104 

253 

140 

194 

140 

19-2 

160 

159 

160 

141 

180 

136 

Beach  stake.                1 

180 

123 

Beach  stake. 

200 

II-8 

Crest  of  beach. 

>           198 

iO'4 

Crest  of  beach. 

220 

8-2 

] 

\          200 

9-5 

240 

i-i 

220 

—  08 

253 

—  3-4 

240 

-  5-5 

280 

—  43 

290 

-  50 

283 

+  06 

295 

~  15 

300 

+  05 

3«5 

—  1-6 

320 

—    1-2 

335 

—  17 

340 

-  2-5 

350 

39 

350 

—  37 

400 

—  12-8 

400 

-"•3 

500 

—21-8 

500 

—21-3 

600 

188 

600 

-19-3 

700 

—17-8 

700 

-15-8 

800 

—21-3 

800 

—21-3 

900 

—25-8 

900 

—27-3 

I  000 

-318 

I  000 

—32-8 

I  100 

-35-8 

I  100 

-36-8 
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CroHSHectioHH  of  the  shore  of  Cape  Cody  etc-^CoutimioA, 


CROSS-SECnON  No.  15a 

So.  169  of  1889. 

[Origin:    Latitude,  42°  03'  3i"'3;  longitude, 
70*  05'  24"  '9  •  a/lututh,  306"  56'.] 


Height 
above  or 

below 
mean  sea 

level. 


Feet, 
6'0 

i8-5 
25-6 

309 

37*9 
476 

52-9 

288 

17*0 

13-9 
132 

1-6 

—  3*9 

—  44 
--  8-8 

—  1-8 

-9-8 
— 168 

— 188 

-15-8 

—208 

—25-8 

—30-8 

-37-8 


CROSS-SECTION  No.  151. 

No.  171  of  1889. 

[Origin :  Latitude,  4a**  oj'  27''  'o ;  longitude, 
70"  05'  35"  6 ;  azimuth,  206**  56'.] 


Remarks. 


1  iistance 

from 

origin. 


KlufT  stake. 

Foot  of  bluff. 

Heach  stake. 
Cre^t  of  beach. 


Metres. 

O 

20 

40 

60 

665 

80 

100 

120 

140 

160 

180 

185 

200 

250 

300 

400 

500 

600 

700 

800 

900 

I  000 

I  100 

I  150 


Height 
above  or 

below 
mean  sea 

level. 


Feet. 

51 

7*5 

"3-5 

20'9 

29-1 

180 

21-5 

151 

io'5 
4-6 

—  35 

—  49 

—  6-8 

—  7-0 

—  31 
-IO-8 

— 203 

-i8-3 

—  16-3 

-i8-8 
—24-8 
— 308 
—36-8 

-39-8 


Remarks. 


Bluff  stake. 
Heach  stake. 
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Cros9-8ecHons  of  the  nhore  of  Cape  Cod,  etc. — Continued. 


CROSSSECriON  No.  152. 

CROSS-SECTION  No.  153. 

No.  173  of  1889. 

No.  175  of  1889. 

[Origin: 

Latitude,  4a"  03'  28'"8 ;  longituile, 

[Origin:  Latitude.  4a*  03'  35"'4;  longitude. 

70' 

05'  48"'7  ;  aiimuth,  aoe"  25'.] 

70®  05'  59'  'S ;  azimuth,  ao6"  25'.  J 

Height 

Height 

Distance 

above  or 

Distance     alx)vc  or 

from 

Ijclow 

Remarks. 

fiom           below 

Remarks. 

origin. 

mean  sea 

origin.       mean  sea 

level. 

level. 

• 

Afg/res, 

/'W/. 

A/^/res. 

/'W/. 

0 

4-6 

0 

3« 

20 

61 

10 

46 

40 

5-2 

• 

30 

77 

■ 

60 

8.3 

50 

11-7 

80 

77 

70 

168 

100 

20*5 

90 

24-1 

120 

40-2 

955 

284 

Bluff  stake. 

140 

47  4 

no 

i8-3 

165 

423 

Bluff  stake. 

130 

1331 

'  Beach  :>take. 

180 

245 

150 

12-8  !                                       1 

200 

149 

Beach  stake. 

170 

9*4 

220 

148 

190 

1-8 

240 

4*5 

204 

-4-6 

260 

—  2-4 

250 

—  7-6 

300 

—  7*6 

300 

-  3-6 

350 

—  9*6 

400 

—  7'0 

400 

—  3<> 

500 

—19-8 

500 

-II-8 

600 

— 22-8 

600 

--2 1*3 

700 

19-8 

700 

-21-8 

800 

—19-^ 

800 

—17-3 

900 

—21-8 

900 

—  19-3 

I  000 

—27-3 

I  000 

-  24-8 

I  100 

—33-8 

I  100 

~3i-8 

I  180 

—41-8 

I  200 

-35-8 

U.   8.   COAST  AND  OEODETIC  SURVEY. 
Cros»  sections  »/ the  Khore  o/ Cape  Cod,  etc, — ContiiuiPil. 


CROSS- SLvCTION  No.  .54. 

CKDSS-SECTION  No.  155.             | 

No.  177  of  1889. 

No.  179  of  18S9. 

[OriRir  r 

fJliluiU-.  ,.•  D,'   H'-ft;  loilRlllnll, 

lUriBln: 

L.<i<uae,  (."aa'aS-jilongimde. 

7= 

06'  it"-7i«imulh,  .o(-=30'.l 

JO" 

06'  =7"o;i.(limHh,»4'.i'.] 

llcichl 

Ikiyhl 

UUtance 

abavc  or 

Itisluice 

from 

l)eluw 

Rernark*. 

friml 

'moV 

Remark*. 

""'"■ 

level. 

uriyin. 

level. 

.Vrfm. 

^^rf. 

.Vrfm. 

/«/. 

20 

4a 
7-3 

30 

3-4 
13a 

40 

U4 

40 

28-0 

£ 

231 
117 

60 
80 

30-6 
*S-4 

So 

6-5 
8-a 

Jm 

.164 
3SS 

I4'5 

127 

386 

140 

17-1 

140 

19-9 

150 

419 

160 

1 2-6 

160 

47 '9 

180 

130 

180 

29H 

.69 

25 'O 

226 

250 

240 

'73 

240 

2(J-4 

zbo 

34'S 

Illuir  sinlce. 

2S0 

103 

28a 

161 

300 

lS-4 

300 

IJ2 

lienili  slake 

3!0 

17Q 

3W 

340 

•8-5 

32s 

Crest  of  Ijeacli. 

35  "5 

22-s 

Bluff  lUke. 

34" 

3fio 

16-2 

354 

—  47 

380 

106 

Ucach  slnke;    eresi 

400 

-  5-6 

400 

38 

of  beatli. 

Soo 

-  g-a 

410 

-  S-o 

600 

700 

lO'N 
— aa-3 

500 
Ooo 

-9-3 
-C-3 

(too 

-24-M 

70Q 

—  10-8 

goo 

"3.VS 

800 

-21  3 

-iS-8 

yoo 

—233 

-2.8 

1  JOO 

-27K 

I   100 

-14-8 

1300 

-3J-S 

-"■3 

1360 

-40-3 

•  300 

I  40a 
1500 

—268 
-32-8 

-408 
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CROSS-SECTION  No.  156. 

CROSS-SECTION  Nn.  157. 

No.  181  of  1S89. 

No.  183  of  1889. 

(Origin! 

L.liiude.  4a'  cj'  3i-*:  lonKiWde, 

'     [OfiRin, 

LMiiuile.  ,.•  oi-  M"'4i  iDnRittida, 

?"• 

t^  t""-3i  •limulli,*.!''  jo'.] 

TO- 

c6'53-'3;«il>iulh,»s-i"-.] 

lleieht 

Height 

Dialanee 

al»ve.or 

Dislance 

above  or 

Ixlow 

Remaiks. 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

origin. 

level. 

Jfttra. 

fat. 

Af^/rn. 

Filf. 

10 

a-3 
3-3 

20 

4-8 

E-igeofmaish. 

30 

3-4 

40 

iS^ 

50 

90 

SO 

21-3 

Cresl  of  ridge. 

70 

167 

<6a 

149 

90 

a4-o 

80 

109 

97 

37-0 
1 1-9 

Im 

7'5 

»3° 

41 

140 

ISO 

i-b 

160 

170 

5-6 

18a 

3-9 

190 

SS 

2m 

zyo 

240 

5'6 

aso 

a?! 

26a 

yi 

170 

21-6 

aSo 

2-2 

ago 

8'8 

300 

2-3 

310 

7-3 

310 

3.2 

330 

S-3 

340 

a-S 

350 

4ii 

360 

4-0 

370 

6-4 

380 

4-2 

390 

71 

400 

54 

4IO 

6-3 

420 

frs 

430 

"3-5 

440 

45 

450 

37» 

460 

.U 

470 

4K9 

474 

Bluff  suke. 

490 

I5-I 

4S0 

90 

510 

156 

Kluirslike. 

JOO 

■OS 

S14 

'4*4 

l-ool  of  LlufT. 

520 

5.6 

s-s 

iieach  ilakt. 

540 

11-5 

Beach  stake. 

Sio 

6-2 

560 

8'S 

530 

0-7 

57S 

7-3 

Crest  of  besch. 

543 

-4S 

SSo 

5 '4 

600 

-  7-C 

599 

-  1-6 

700 

—  80 

700 

— 103 

Soo 

—  6-6 

?5o 

~ii8 

900 

-IS8 

-  8-8 

1000 

-25a 

900 

-12-3 

-30-8 

looo 

-22-3 

— *o'3 

-25s 

1300 

-19S 

-a4-3 

1400 

_z4-a 

1 300 

-133 

1500 

-29a 

-193 

»S75 

-34-8 

1 500 
160c, 
1700 
1800 

-"■3 
-26-8 
-318 

-35-8 
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Cross-Heciions  of  the  shore  of  Gape  Cody  <»te.— Continued. 


CROSS-SECTION  No.  158. 

CROSS-SECTION  No.  159. 

No.  185  of  1889. 

No.  187  of  1889. 

[Origin : 

Latitude,  43°  03'  49"-8  ;  lunf^itudc. 

(Origin : 

Latitude,  43^  03'  44"'s ;  lon^^ilude, 

7o» 

07'  o4""8  ;  azimuth,  aoi*»  55'.! 

70^ 

t. — 

07'  i7"-8  ;  azimuth,  aoi*  55'.] 

Height 

■ 

Height 

Distance 

alx)vc  or 

■ 

Distance 

alxwe  or 

from 

below 

Remarks. 

from 

l>eIow 

Remarks. 

origin. 

mean  sea 
level. 

1 

origin. 

mean  sea 
level. 

Mttres. 

Feet. 

1 

,    Metres. 

Feet, 

0 

09 

Edge  of  marsh. 

0 

37 

10 

23 

20 

4*9 

30 

3*4 

40 

132 

50 

4-2 

47 

17-4 

70 

7-2 

80 

252 

90 

1 49 

9' 

310 

no 

17-1 

100 

34-6 

130 

238 

120 

414 

150 

22*2 

140 

44-2 

170 

2-6 

160 

459 

190 

07 

180 

47-8 

< 

210 

—  2-4 

200 

467 

230 

197 

220 

544 

250 

15-2 

240 

54.6 

270 

97 

260 

419 

290 

7-6 

280 

40.1 

.  • 

310 

1-5 

300 

32.2 

zy> 

36 

320 

280 

350 

11*9 

340 

276 

370 

41 

360 

305 

390 

41 

380 

251 

410 

41 

400 

247 

430 

6*o 

420 

252 

450 

6-4 

440 

35*9 

470 

.8-2 

460 

489 

490 

147 

464 

47-8 

510 

34*2 

480 

37-4 

536 

14-4 

483 

11^ 

550 

10-0  ;  Beach  stake. 

500 

16-9 

558 

8-2  j  Crest  of  beach. 

520 

I2'9 

570 

36 

540 

17-4 

573 

20 

560 

13-9 

600 

-  5-8 

580 

259 

700 

— 103 

596 

334 

Hluflr>take. 

750 

-14S 

600 

24*6 

800 

6-8 

608 

15-6 

Fool  of  i>iunr. 

900 

-«i'3 

620 

131 

Heach  stake. 

I  000 

—21-3 

630 

12-6 

Crest  of  beach. 

I  100 

—26-8 

640 

4-5 

I  200 

— 303 

659 

-  37 

1  300 

—23-3 

700 

—  80 

.  I  400 

—19-8 

800 

—  7-0 

I  500 

--23-8 

900 

-9-8 

I  600 

—28-8 

1  000 

-I2-8 

I  700 

-328 

I  100 

22-8 

1800 

-38-8 

I  200 

-293 

1S50 

-398 

I  300 
I  400 
I  500 

258 
--24-8 
--24-8 

i 

I  600 

-238 

/ 

/ 

I  700 

27-8 

/      1 

/ 

I  Soo 

\      -31» 

\ 

\ 
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Cross-sections  of  the  shore  of  Cape  Cody  etc. — Continued. 


CROSSSECTION  No.  i6o. 

CROSS-SECTION  No.  160— Continued. 

No.  189  of  1889. 

No.  189  of  1889. 

[Oiigin: 

Latitude,  42'  03'  50"  'a ;  longitude, 

[Origin: 

Latitude,  4t*  03'  50"  'a ;  longitude. 

TO- 

07'  aS"-/;  azimuth,  aoa*  35'.] 

7o« 

07'  a8"  '7 ;  azimuth,  aoa®  35'.) 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

origin. 

mean  sea 
level 

Metra. 

Feet. 

Afe/res. 

Fee/. 

o 

61 

Near  edge  of  marsh. 

46s 

37-6 

Top  of  ridge. 

20 

I  I'D 

. 

480 

322 

40 

238 

500 

340 

60 

22*5 

520 

366 

80 

1 6*4 

525 

37*9 

Bluflf  stake. 

100 

14-9 

540 

12-8 

Beach  .stake  and  foot 

120 

117 

S60 

87 

of  bluff. 

140 

180 

580 

7-8 

160 

ii-i 

592 

7*4 

Crest  of  beach. 

180 

6'0 

600 

3*9 

200 

51 

614 

—   2*1 

220 

37 

700 

-9-8 

240 

6*2 

800 

—  7-3 

260 

45 

900 

—  6-8 

280 

4-8 

I  000 

-138 

300 

4-0 

I  100 

188 

320 

s-i 

I  200 

—24-8 

340 

4-8 

1300 

—25-8 

360 

81 

I  400 

—24-3 

380 

14*2 

I  500 

—21-3 

400 

19-2 

I  600 

— 21*3 

420 

17*6 

I  700 

— 24-8 

440 

I4'9 

1800 

—32*8 

460 

324 

1850 

-35-8 

300 
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CrosS'SecUoHH  of  the  nhore  of  Cai)e  Codj  efc. — Coutinned. 


CROSS-SECTION  No.  i6i. 

CROSS-SECTION  No.  161— Continued. 

No.  191  of  1889. 

. 

No.  191  of  1889. 

[Origin: 

Latitude,  43"  03'  48"  9;  longitude. 

[Origin: 

Latitude,  42"  03'  48"  9:  longitude. 

7o« 

07'  4J"  "5  ;  azimuth,  202'^  15'.]                                 70'* 

07'  43" '5;  azimuth,  202®  15'.] 

Hei{Tlit 

Height 

Distance 

alxjve  or 

1  Distance 

al>ove  or 

fn)m 

below 

Remarks. 

i      from 

below 

Remarks. 

origin. 

mean  sea 
level. 

. 

origin. 

mean  sea 
level. 

— 

Metres. 

1 

Metres. 

Feet, 

o 

2*9 

530 

6-9 

lo 

43 

550 

170 

30 

27 

570 

20-0 

50 

4-6 

590 

1 6-6 

70 

2-6 

610 

1S7 

90 

3-6 

630 

8-5 

no 

43 

650 

9*6 

130 

45 

670 

»3-5 

150 

6-4 

690 

"4*3 

170 

8-5 

710 

100     Beach  stake. 

190 

168 

730 

8-8 

210 

259 

750 

—  0-3 

230 

352 

800 

-  8-3 

250 

284 

900 

-138 

270 

243 

I  000 

-  IO-8 

■• 

290 

22*2 

I  100 

—  8-8 

3"o 

1 8*4 

I  200 

19-8 

330 

20-6 

I  300 

19-8 

350 

20-8 

I  400 

21-8 

370 

18-5 

I  500 

-26-8 

390 

5-5 

I  600 

29-8 

410 

44 

I  700 

~3i-8 

430 

40 

1800 

-23-8 

450 

35 

I  900 

—25-3 

470 

3-8 

2000 

-31-8 

490 

3-8 

2  100 

—41-8 

510 

4-5 

1 
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Cross  sectiom  of  the  shore  of  Cape  Cod^  etc. — Continued. 


CROSS-SECTION  No.  162. 

CROSS-SECTION  No.  162— Continued. 

No.  193  of  1889. 

i 

No.  193  of  1889. 

[Origin: 

Latitude,  42"  03'  54" 'i;  longitude,     , 

[Origin : 

Latitude,  4a*'  03'  54""";  longitude. 

70- 

of  55"  a ;  azimuth,  905®  35'. J 

1 

7o» 

of  55"" a;  azimuth,  ao5®  as'.] 

Height 

1 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

1 

level. 

AMrgs. 

/>^•/. 

! 

Me/r^s. 

/rr/. 

0 

7*3 

480 

2S1 

20 

123 

500 

324 

40 

191 

512 

39 "4     Top  of  ridge. 

60 

271 

520 

14-8 

80 

34-6 

540 

208 

100 

484 

.    557 

374 

Bluff  stake. 

120 

361 

580 

44 

140 

26-2 

600 

6-6 

160 

213 

620 

10-3 

180 

l8-2 

640 

IO-2 

« 

200 

155 

660 

7-0 

licach  stake. 

220 

12-8 

675 

o-i                                        1 

240 

99 

700 

-6-3 

260 

6-8 

800 

-  9-8 

280 

4-5 

900 

— «i-3 

300 

3-4 

I  000 

-  9i> 

320 

33 

I  100 

98 

340 

5-6 

I  200 

-i6-8 

360 

57 

I  300 

-268 

380 

5-9 

I  400 

32-8 

400 

8-2 

I  500 

-  -29-8 

420 

17-5 

I  600 

298 

440 

312 

I  700 

—28-8 

45 « 

427 

I  800 

-24-8 

454 

40-6 

I  900 

-30-8 

460 

333 

■ 

1950 

-37-8 
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CroM-wctioHt  0/  the  tihore  0/  Cape  Cod,  eta. — Conlinaod. 


CROSS-SECTION  No.  163. 

CROSS-SECTION  No.  163-Coniinued. 

No.  195  of  1889. 

No.  195  of  1889. 

lOriKin:   t..tkQrfe,  t,'  03'  S*"**:  lnngil«<l.r, 

[OriBin:   tjtllurte.  4."  03'  j,"-,;  lonititDde, 

70-  oV  or" -6;  ulinulh,iixi°  »'.] 

r>"oS'w"-6;  izim..ih,  Ko- «■.] 

Height 

ndeht 

Distance 

almvc  or 

Distance 

aUivi:  or 

from 

btlow 

Remarks. 

fram 

below 

Remsrks. 

origin. 

icvci. 

origin. 
M/frri. 

Itvtl. 

Jt/e/ra. 

Feel. 

Fifl. 

'57 

5S0 

iij 

600 

2-6 

40 

321 

6-6 

60 

38-S 

fijJ 

»6 

KlulT  Slake. 

So 

4S-4 
527 

£ 

12-6 

6-(; 

■  zo 

63- 

6S0 

140 

50-9 

700 

160 

456 

71Q 

117 

iSo 

4Z'a 

740 

lO'C 

iteacl)  slake. 

390 

747 

9S 

(.-rest  of  bcch. 

354 

760 

2-8 

XiO 

J"  4 

76s 

260 

z6'8 

800 

-  S-H 

280 

jr6 

900 

-8J 

300 

"73 

-  7-3 

320 

147 

340 

199 

I  100 

-  9'S 

360 

2yl 

1       '300 

— lO'B 

380 

61 

1  400 

_i5-8 

400 

3-5 

1  soo 

-J7-8 

4» 

9-6 

[600 

-2S-8 

440 

7-3 

1  700 

-24'8 

460 

6-5 

ifioo 

-26-3 

480 

70 

1900 

-21-8 

Soo 

11-7 

-S3-S 

5" 

li'8 

-3.-S 

540 

3-2 

*'75 

-41  8 

S60 

7-8 
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Croas-sectiont  of  the  shore  of  Ctqw  Cod,  etc. — Continnud. 


CROSS-SECTION  No.  164. 

CRO.SS-SECTION  No.  165. 

No.  197  of  "Sag. 

No.  199  of  1889. 

rOripn 

lAtiliidc,  (J-  04'  ii"-; ;  lonBiturti, 

(0.iBin: 

Ijtiiyde,  <,"  04' .j"  . :  longitude. 

70 

o8'n"-.,«iini.lh.  ,9g"4o'.l 

7" 

»a'=j"-o;«imu[h,,„««,'.] 

Height 

Height 

nislance 

above  or 

Diiilarjce 

from 

belo« 

Remarks. 

from 

helow 

Remarks. 

origin. 

mciin  sea 
level. 

origin. 

icvel. 

Jifttrf,. 

flvi'. 

.Vflrtj. 

J'»/. 

8-8 
"■6 

30 

i6-4 

40 

s 

224 

80 

S-2 

Inner  eilge  of  cran- 
l.erry  bog. 

80 

254 

aS-o 

2'5 

30-J 

2-6 

In  cranl«rry  1"^. 

140 

300 

3'2 

(hiler  edRE  of  cran- 

160 

14' a 

berry  bog. 

180 

80 

160 

7-7 

70 

iSo 

220 

292 

J40 

387 

39-fi 

2495 

4S'4 

Rlufr  stake. 

zzS 

42-8 

26S 

^3 

io'6 

Knot  nf  bluff. 

i8o 

3'8 

Reach  slake. 

365 

7'8 

Ilrach  slake. 

293 

269 

7S 

Crest  of  beach. 

300 

—  a-8 

aSo 

a-3 

400 

-9-8 

386 

—  0-4 

500 

—  11-3 

300 

-3-8 

600 

400 

-103 

700 

-I3.8 

son 

-'43 

800 

-  90 

600 

-  90 

goo 

—  19-8 

700 

-I2'3 

-2S8 

Sou 

-  "■3 

-24-8 

900 

-238 

1  200 

—228 

-25-8 

1  jOO 

—22-8 

-24-8 

1400 

-Jo-8 

-24-8 

1500 

-238 

1300 

-B4-B 

1600 

-29-3 

1400 

-21-8 

1700 

-33-8 

MS" 

~2?8 

1800 

-36-8 

1500 

1600 

-30'8 

1700 

— 34'0 

iSoo 

-368 

301 


IT.  S.  COAST  AND  GEODETIC  SURVEY. 


CrosHHevtioHH  of  the  nhore  of  Cape  Cody  ete. — Continued. 


CROSS-SECTION  No.  i66. 

No.  20 1  of  1889. 

[Orij^in:  Lntitude.  4a**  04' oi"'3 ;  1«>nKitii(le, 
70*'  08'  44"9;  azimuth,  iQg*"  20'.  1 


Height 

Distance 

alwvc  or 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

Feet. 

Metres. 

0 

1*4 

Edge  of  marsh. 

12 

94 

32 

24*1 

52 

zy^ 

72 

S&7 

92 

537 

112 

383 

^Z^ 

409 

>52 

456 

172 

492 

192 

523 

212 

541 

232 

547 

252 

537 

272 

51-5 

292 

480 

3«2 

450 

332 

4S'4 

352 

417 

372 

374 

392 

288 

412 

249 

432 

280 

452 

35-^> 

472 

3y^ 

492 

244 

512 

94 

532 

3'4 

552 1 

3-8 

572 

IO-8 

592 

21*4 

612 

239 

CROSS-SECTION  No.  166— Continued 

No.  201  of  1889. 

[Origin :   latitude,  42"  •»4'  oi"'.i ;  longitude, 
to"  08'  44"'9;  azimuth,  i^^  20',] 


I  )istance 

fn)m 

origin. 


Mt'ftrs. 
632 
652 
672 
692 
712 
732 
752 
772 
792 
812 

«32 
S52 

872 

889 

892 

912 

I  000 

I  100 

I  200 

I  300 

I  400 

I  500 

I  600 

I  700 

I  800 

1  900 
2000 

2  100 
2  200 
2300 


Height 
alxjve  or 

behnv 
mean  sea 

level. 


Fi-eL 

20-2 
87 

6*9 

5-4 

39 

3''> 
6-2 

15-6 

149 

246 

379 
'55 

lO'I 

9-6 

7-8 

—  1-5 

-13*8 
-  8-3 

148 

—  IO-8 
21S 

—  24-8 

—  23-8 
■-21-8 
— 20S 
--24S 

—  Si'8 
-33-8 

-36-8 


Remarks. 


Reach  stake,  fool  of 
bhitr. 

(-'rest  of  beach. 
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CrosssectionM  of  the  Hhore  of  Cape  Cod,  ^fc— Continued. 


CROSSSKCTION  No.  167. 

No.  203  of  1889. 

[Origin:   latitude,  4a®  04'  23".! ;  lonp:itudc, 
jqO  08'  4S"-6 ;  azimuth,  i98*»  40'.] 


CROSS  SECTION  No.  168. 

No.  205  of  1889. 

[Origin:  Katitinle,  42®  o»'  26" -9;  loniritudc, 
70*  09'  01" 'o;  azimuth,  199**  00'.  | 


Distance 

from 

origin. 


Metres. 

o 

20 

40 

60 

80 

100 

120 

140 

160 

180 

198-5 

220 

240 

260 

280 

2S8 

300 

400 

500 

600 

700 

800 

900 

I  000 

I  100 

I  200 

I  300 

I  400 

I  500 

I  600 

I  700 


Height 
alK)ve  or 

below 
mean  sea 

level. 


Feet. 

257 
36-6 

304 

393 
340 

237 
5■^ 
3-8 

20'4 

33-8 
3»7 

20-I 
HI 

9-4 
8-8 

5-5 

-  33 

—  8-8 

—  12-3 

—14-3 
-138 
—1 1-8 

—22-8 

—26-8 
—23-3 

— 21'3 

—23-3 
—27-3 

--29-3 
—34*3 
— 37*3 


Remarks. 


Blufr  stake. 
Beach  stake. 


Crest  of  beach. 


Height 

Distance 

'  at)ove  or 

from 

below 

Remarks. 

origin. 

mean  sea 

level. 

Metres. 

Feet. 

0 

10-4 

20 

32 

40 

4-5 

60 

198 

80 

5-2 

100 

36 

120 

155 

140 

"33 

160 

251 

181 

32-4 

Bluff  stake. 

200 

19-6 

Beach  stake. 

220 

140 

240 

103 

260 

lOI 

Crest  of  beach. 

264 

6-5 

300 

80 

400 

—14-8 

500 

—  8-6 

600 

—  II-8 

700 

-I5'3 

750 

-  7-6 

800 

—11-3 

900 

258 

1  000 

—31-8 

I  100 

—32-8 

I  200 

—21-8 

1300 

-238 

I  400 

-"28-3 

I  500 

-31-8 

I  600 

-388 

H.  Ex.  43,  pt.  2—20 
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U.  S.  COAST  AND  GEODETIC  SrUVEY. 


CroHS-Mectwns  of  the  shore  of  Cape  Cod,  etc Cfuitiinu^fl. 


CROSS-SECTION  Nr>.   169. 

No.  207  of  18S9. 

[OriRin:  Latitii<le,  42**  04'  31)" '4;  I«»n^itui1e, 
70''  o.;'  13"  "4;  »/.iniuth.  I'yS"  50'.  I 


CROSS  SECTION  No.  170. 

No.  209  of  I S89. 

[Orifipn:  [.atitU'lc.  42*  c»4'  31" '8;  Innfiituile, 
7..^  o./  25"  S;  n/.imiitii.  n/i**  r.o'l 


Height 

■ 

Height 

|)i  stance 

'  al»)ve  or 

\   Distance 

al>ove  iir 

from 

l>elu\v 

Remarks. 

from 

Iielow 

Remarks. 

urigin. 

mean  sea 

'    origin. 

mean  sea 

level. 

1 

i 

level. 

Metres. 

Feet. 

1 
1 

Mitres. 

J'Wt. 

0 

5-8 

0 

8-5 

20 

5-4 

20 

67 

40 

50 

40 

43 

60 

32 

60 

5> 

So 

IO-8 

80 

182 

Slnnc. 

247 

Truri)  cr)rner  No.  7. 

100 

19-5 

UK) 

2I'() 

120 

213 

120 

21-8 

140 

197 

140 

26- 1 

160 

235 

160 

30- 1 

180 

247 

180 

311 

200 

29- 2 

194 

327 

r.luir  slake. 

212 

oi'^' 

liluff  .stake. 

200 

259 

224 

177 

FtH)t  of  bluff. 

220 

199 

Heach  stake. 

240 

130 

Deach  stake. 

240 

134 

260 

"•5 

260 

11-6 

280 

IO'2 

Crest  of  beach. 

280 

99 

Crest  of  beach. 

300 

1-6 

287 

80 

400 

—14-8 

300 

■      3-8 

500 

-"•3 

400 

1 1-8 

600 

-  8-8 

500 

--ii« 

i        700 

123 

600 

—  8-6 

1       800 

12-8 

• 

700 

—n^ 

900 

-23S 

750 

■  8-3 

1 000 

-27-3 

800 

-I5-8 

1 100 

—29-8 

900 

-23-8 

1 200 

-27-8 

I  000 

-28-3 

1300 

—21-3 

I  100 

-28-3 

1 400 

—24-8 

I  200 

— 218 

1 500 

-33-8 

I  300 

-21-3 

1 600 

-  -36-8 

I  400 

-288 

1 700 

-39-8 

I  500 

-34-8 

1800 

—42-8 

I  600 

-35-8 

I  700 

-38-8 

I  800 

—41-8 
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Cross-sections  of  the  shore  of  Cape  Cody  etc. — Continued. 


CROSS-SECTION  No.  171. 

No.  211  of  1889. 

[Origin:  Latitude,  42**  04'  34" 'a;  lonfritade 
TO**  09'  38" -o;  azimuth,  194®  55'.] 


Distance 

from 

origin. 


Metres, 

o 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

212 

220 

240 

260 

278 

300 

400 

500 

600 

700 

800 

900 

I  000 

I  100 

1  200 

I  300 

I  400 

I  500 

I  600 

I  700 

I  800 


Height 
al)ove  or 

below 
mean  sea 

level. 


^Feet, 
21*7 
5-2 
132 
186 
17-8 
14.2 

12*6 

18-9 
24*6 

22-8 
294 

20'6 

11*6 

93 
8-6 

1*1 

— 148 

—1 63 

—  8-8 

-9-8 
—16-3 

—22*3 

—24*3 

—27-8 
—29-8 
— 208 
—24-8 

-33-8 
-39-8 
-43-8 
-45-8 


Remarks. 


Bluff  stake. 
Beach  stake. 
Crest  of  beach. 


CROSS  SECTION  No.  172. 

No.  213  of  1889. 

[Origin:  Latitude,  42**  04'  37" '9;  longitude, 
70®  09'  50"  -x  ;  azimuth,  194®  30'.] 


Distance 

from 

origin. 


Metres, 
o 
20 

40 
60 
80 
100 
120 
140 
160 

175 
184 

200 

205 

240 

248 

300 

400 

500 

600 

700 

800 

900 

I  000 

I  100 

I  200 

I  300 

I  400 

I  500 

I  600 


Height 
above  or 

below 
mean  sea 

level. 


Feet, 

233 
308 

294 
297 
24-8 

22*1 
248 
312 

34*3 
311 

in 

10*3 

103 

33 

—  1-9 

— 168 

—16-3 

—  9*6 
-9-8 
—17-8 
—23-8 
—27-8 
—30-8 
— -25-8 
— 208 
—29-8 

-39-8 
—428 


Remarks. 


Bluff  stake. 
Foot  of  bluff. 

Crest  of  beach. 


U.   8.  COAST  AKD  GEODETIC   HUKVET. 
Crots-aeetioiti  of  the  $hore  of  Cape  Cod,  etc, — CoDtinnad. 


CROSS-SECTION  No.  173. 

CROSS-SECTION  No.  174. 

No.  3IS  of  1889. 

No.  217  df  1889. 

(Origin: 

LuHude.  <.'  o,'  »"  ■,  ;  loilKlWd*. 

[Oriein: 

Lilitudc,  41°  <>,'(■"  G;  toniitBdc, 

JO* 

"•• 

10'  16"  1;  uimulli.  194°  Ji'.l 

Height 

Height 

Disluice 

above  or 

DUlancc 

from 

below 

Remarks. 

below 

Remark*. 

origm. 

level. 

origin. 

level. 

Af^/rei. 

/■«/. 

.Vftra. 

/«■/. 

S'6 

156 

196 

"94 

40 

23-4 

40 

'57 

6a 

5'9 

60 

3«-3 

So 

51 

80 

375 
376 

69 

367 

140 

iz-3 

141 

5'4 

160 

36-7 

160 

374 

iSo 

291 

180 

3'7 

100 

29-9 

aoo 

J3-I 

209 

176 

Blufr  slake. 

2  20 
240 

131 
107 

Foot  of  bluff. 

340 

104 

Beach  sUke. 

z6a 

8-9 

260 

8-8 

Crest  of  b«ch. 

2S0 

107 

Ctest  of  beach. 

280 

09 

300 

2'4 

aSs 

-  16 

30s 

O.S 

300 

—  8-8 

400 

-103 

400 

-ra-8 

soo 

—  "S3 

Soo 

-i4'8 

600 

-138 

600 

— IO-8 

700 

-i63 

700 

-'4-3 

800 

-.3-8 

800 

-"43 

900 

-J3-3 

9CXJ 

-^43 
-263 

I?S 

-2S'8 
—27-3 

-18-3 

-16-8 

-^83 

1300 

-218 

1300 

—20-3 

1400 

-3i'8 

1400 

-27.8 

isoo 

-37'8 

1500 

-368 

1600 

=S:i 

1600 

-39'8 

1700 

1700 

-44-8 
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Ci-oatseetiona  of  the  tkore  of  Cape  Cod,  ete. — Continued. 


CROSS-SECTION  No.  175. 

CROS-S-SECTION  No.  176. 

No.  2ig  of  1889. 

No.  221  of  1889. 

[OriKm: 

Lalilude.  ^^'  04'  m'";;  lonitltude, 

lOrigin: 

Ijitilude.  ,=•  <H'  «"-«!  loiljlti.de, 

TO" 

.■.■);"-.;  uinuth,  iB,' s»'.] 

to" 

.<^M"-«;  aiimiilh,  .B.=  00-.] 

Jleiuhl 

Height 

Distance 

above  or 

Dislaiice 

above  or 

from 

below 

RemarkE. 

Ironi 

below 

Remarks. 

orisi.. 

level. 

origin. 

"vd'" 

JUtlni. 

F///. 

A/f/rfi. 

fttt. 

s'-s 

S-o 

30 

56-6 

20 

4' 

40 

6S-7 

40 

47 

60 

55-8 

60 

S« 

89 

568 

80 

98 

■4S-4 

Bluff  stake.       . 

23-4 

41-3 

38-2 

Bluff  itake. 

120 

»8-3 

140 

a4'3 

140 

187 

160 

19-S 

160 

iS-3 

iSo 

14- . 

180 

12-4 

11-4 

9-8 

320 

8-z 

Beach  .Ukc. 

66 

lleach  stake. 

140 

6-0 

240 

ga 

260 

8-3 

'5' 

lo-i     Ctesl  of  beach. 

J74 

98 

Creil  of  beach. 

260 

43 

J89 

3-8 

26s 

19 

300 

—  3* 

3«> 

-  98 

400 

—  118 

400 

-15a 

Soo 

~j8-3 

500 

-I2-3 

600 

Goo 

-14-3 

700 

-'4-3 

700 

-I4'S 

800 

-.7-8 

Koo 

168 

900 

^23-8 

goo 

-2S;8 

-248 
—26-8 
-248 

1  300 

1300 

-28-8 

1300 

-308 

1400 

-33-8 

1400 

1500 

-38-8 
-40-S 

1500 

-4<-8 

1600 

-47'S 

1650 

-S08 

310  U.   8.   COAST   AXIt   (iKOItETIt'   81'RVEY. 

fJrimHtfUiiitii  »/  the  xhitre  of  dupe.  Cod,  etc. — Cuiitioacd. 


CROSS  SECTK  IN  Nii.  177. 

No.  ijj  nf  iNJdj. 


I   iidi:i.t 


K<:nijrks.  ' 


CkOSS-SECnON  No.  178. 

No.  MS  of  1SS9. 

I        [(.r[K.n; 

I*iitu,le.  4.*  at'  ,s"-4;  lonKTifcle, 

7- 

"'"'"'■  """""■■  ■'•••■■i 

lUiyiit 

'  "'^!:,r 

l""w' 

RemMki. 

1    ..lijlil,. 

luvel. 

40 

ai4 
109 
4-0 

S-o 

l,l<J 

5-4 
S-a 

iKtj 

22fl 

lK(> 

37-(i  1  Bluff  slate. 

Ifrj 

'=" 

44     ]ieach  slake. 

j1«! 

7S  '  Crcsl  of  leach. 

1.5., 

71  K. 

5-.t 

<J■^ 

12(. 

'7'N 

S.SI 

si 

1  .jriii 
■5"" 

J4-S 

.is-s 

J9-8 
47H 

1  7.IO 

sj-a 
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Cross-sections  of  tJie  shore  of  Cape  Codj  et<f. — Coutinued. 


CR<JSS-S?:CTION  No.  179. 

i 

CROSS-.SECTION  No.  180. 

No.  227  of  1889. 

No.  2f29  of  1889. 

[Origin : 

Lfttilude,  42°  04'  44'''9 ;  longitude, 

[Origin : 

Latitude,  42^  04'  45'''9 ;  longitude. 

70O 

11' i8"-4;  azimuth,  i82<'oo'.J 

7o<» 

n'  3i"'8;  azimuth,  iSa"  50'.] 

Height 

1 

Height 

Distance 

above  or 

Distance 

al>ove  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

uri|;4n. 

mean  sea 
level. 

! 

origin. 

mean  sea 
level. 

A/i'/rfS. 

Fff/. 

Metres. 

Feet. 

0 

258 

Crest  of  rigde. 

0 

151 

20 

20-0 

20 

5-5 

40 

20-9 

40 

6-4 

60 

1 8-8 

60 

50 

80 

79 

80 

3-8 

100 

7*9 

100 

3-6 

120 

14*4 

120 

6-3 

140 

9*2 

140 

7-5 

160 

21*2 

160 

22*5 

180 

199 

180 

248 

200 

284 

202 

3IS 

Bluff  stake. 

204 

283 

Bluff  stake. 

220 

9*4      r.each  slake.                | 

220 

15-4 

230 

8-5 

Crest  of  beach. 

240 

7-2 

Beach  stake. 

240 

40 

249 

30 

300 

-9-8 

300 

—  80 

400 

—  II  8 

400 

—12-3 

500 

-1 2-8 

500 

—  93 

600 

-15-8 

600 

—13-8 

700 

-208 

700 

-i8-3 

800 

-  12-8 

800 

—11-8 

900 

248 

900 

21-8 

I  000 

278 

I  000 

—25-3 

I  100 

■  288 

I  100 

— 288 

I  200 

-27S 

I  200 

-28-3 

1300 

288 

I  300 

--29-8 

I  400 

-33-8 

I  400 

—33-3 

I  500 

—39-3 

I  500 

—40-8 

I  600 

46-8 

I  600 

—46-8 

I  700 

-568 

312  U.   S.  COAST  AND  GEODETIC  SUR\T!Y. 

CroMg-Hidionn  0/  the  »hore  0/  Cape  Cod,  etc. — Coiitiimcil. 


CKoSS-SHCriON  No.  iBi. 

CROSS-SECTION  No.  181. 

No.  131  or  1889. 

No.  233of  18S9. 

[(Kij-in 

Ijiiiiude,  ,»•  o,'  46-;;  IcHigitude. 

|(hilEin 

UtUude,  4.- o,' 46"-6 ;  lunnliude, 

7- 

..•„-,i«iniulh,.8.'io'.] 

JO 

"'"■'«:" 

■wmt},.  ,»,^  s'-:] 

Heit,'h[ 

Heifilii 

Uislai.ce 

abovi-  or 

I  lislaiicc 

al>ov«  or                                        1 

1wl..w 

R«marks. 

frciii 

below                 Remarks. 

oriKin. 

level. 

Affl>YS. 

Un-i. 

.IW.ri. 

/>rf. 

/;r(. 

30 

174 

10 

9-7 
4-9 

40 

75 

40 

4'l 

f« 

55 

6a 

3'S 

So 

77 
10-4 

80 

4'9 
44 

"5 

5' 

140 

25-2 

140 

57 

lOo 

31-8 

160 

■s-s 

iSo 

30-7 

iSo 

H-3 

ini 

33-J 

Blulf  stake. 

181 

.13-6 

Rluir  stake. 

Heach  Slake. 

9.9 

'3-3 

Ilrach  slake. 

225 

Crcsl  of  lieach. 

240 

77 

2.j6 

4-7 

94 

300 

-10-3 

271 

9-5 

Crest  of  beach. 

400 

-12-8 

iSo 

37 

500 

>33 

300 

-  4-6 

Cmo 
700 

-'5J 

400 
500 

■    IO-8 
-14-0 

800 

-is-s 

fkW 

'3-8 

900 

■  ■i6-8 

700 

-|7;8 

-34'8 

Soo 

-30-8 

1^ 

-21'8 

-32-8 

-  J9-8 

1300 

-30-8 

-irH 

1400 

-  35-S 

-29-8 

1500 

43-S 

t}0O 

258 

'55° 

-508 

1400 

--34-8 
-41-8 
--S7-3 
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Cross-sections  of  the  shore  of  Cape  Codj  etc. — Continued. 


CROSS-SECTION  No.  183. 

CROSS-SECTION  No.  184. 

No.  235  of  1889. 

No.  237  of  1889. 

[Ori^n: 

Latitude,  4a**  04'  47" 'a;  lohgitude. 

[Origin: 

Latitude,  4a**  04'  45'' '8;  longitude, 

TO* 

la'  10"  'I ;  azimuth,  x8a»  00'.] 

TO" 

la'  ai"-6;  azimuth,  17a®  40'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

.origin. 

mean  sea 
level. 

Afffr^s. 

F^f/. 

yl/<r/r«. 

Fff/. 

0 

238 

0 

24*1 

10 

"4-3 

20 

12*7 

30 

6-0 

40 

ii-o 

50 

40 

60 

61 

70 

45 

80 

4-6 

90 

5-2 

100 

5-9 

• 

no 

7-0 

120 

4» 

130 

1 8-5 

140 

5-2 

150 

35*  I 

160 

12*4 

170 

35-6 

180 

31 -6 

179 

35-8 

Blufi  stake. 

200 

280 

190 

188 

■ 

208 

271 

Bluff  stake. 

210 

8-3 

Ueach  stake. 

220 

72 

230 

7-5 

240 

4-6 

Beach  stake. 

250 

IO'2 

Crest  of  beach. 

260 

7-3 

262 

31 

267 

80 

Crest  of  beach. 

300 

-8-3 

280 

2-2 

400 

—12-8 

300 

-  3-8 

500 

->7-3 

400 

IO-8 

600 

-n'3 

500 

-15-3 

700 

~"7-3 

600 

— 208 

800 

14-3 

700 

-138 

900 

—248 

800 

—  12-8 

• 

I  000 

—30-8 

900 

-25-8 

I  100 

—33-3 

I  000 

-31-8 

I  200 

—28-8 

I  100 

—29-8 

1300 

-328 

I  200 

-3 1 -8 

I  400 

—42-8 

I  300 
I  400 
I  500 

—42-8 
-55-8 
—66-8 
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U.  ft.  COAST  AND  GEODETIC  SURVEY. 


CroHs-ftectionH  of  the  M/iore  of  Cape  Cod,  etc, — Contimicil. 


CROSS-SECTION  No.  185. 

No.  239  of  1889. 

[Dricrin:   fj&titude,  42**  04'  44" '4:  longitude, 
70"  xa'  34"  "6;  azimiitli,  172**  40'.] 


Distance 

frnin 

origin. 


Metres. 

O 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

209 

220 

240 

248 

259 
300 

400 

500 

600 

700 

800 

900 

I  000 

I  100 

I  200 

I  300 

i3iJo 


Ileii^ht 
al)ove  or 

l)eIow     ! 
mean  sea 

level.      ! 


Feet. 
I  So 
1 78 

7-5 
8-8 

8-4 
6*3 

253 
26-2 

29' I 
34*4 

3»'3 
31-0 

13-6 

8-3 
9'o 

—  01 

—  6-8 
8-8 

118 

—  IS-.:; 
loS 

-"■3 

— 22S 

2S-8 
-3 1 -8 

-3.V« 
-54-8 

878 


Remarks. 


1 11 11  AT  slake. 
Crest  of  beach. 


CROSS  SECTION  No.  186. 

No.  241  of  1889. 

[Orip^in:  I^titiulc,  4a**  04' 44"*! ;  I<mf;itiide, 
70**  la'  47'' ■7;  uziiiiuth,  17a*  ao'.J 


Distance 

from 

origin. 


Metres, 
o 
10 
30 
50 
70 
90 
no 

130 

150 

170 

175 

190 
210 

222 

233 
300 

400 

500 

600 

700 

800 

900 

1  000 

I  100 

1  200 


Height 
above  or 

below 
mean  sea 

level. 


Feet, 
19*0 
12-1 
15*4 

59 
5-6 

7-8 

19-2 

344 
361 

26-9 

283 

94 

7*9 

8-4 

—  1-9 

-  9-8 

—  11-8 

--10-3 

--14-8 

-19-8 

iiS 
-23-8 

-  2S-3 
--30-8 

-43« 


Remarks. 


niuff  stake. 

Ijeach  stake. 
Crest  of  beach. 
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Croa»-»cctioit3  of  the  shore  of  Cape  Cod,  e/c— Coniinued. 


CROSS-SECTION  No.  187. 

CROSS-SECTION  No.  188.               j 

No.  243  of  18S9. 

No.  24s  of  l88g. 

[Orffin:  Litilude,  ti>  a*'  *'"i\  longKuilr. 

lOrigIn: 

L.lilt.de.  „•  04'  <o"'4;  longitude, 

P>'.3'«."-i:«iniulh.  .7.'  .Q'.] 

W 

13'  io''»:«iiPuUi,  .sj-oo'.] 

Height 

lleichl 

nislance 

al«.«c  or 

Distance 

belcw 

Renuik.s. 

from 

below 

Remarks. 

origin. 

'level!" 

orijiin. 

level, 

Mtlra. 

Ftrt- 

Mc1>es, 

/«/. 

0 

lO-I 

S)o|«  of  tldge. 

16s 

30 

4-3 

10-6 

40 

4S 

40 

7-8 

60 

8-6 

60 

y* 

80 

-        4-8 
7-6 
173 

8o 

7-2 
33" « 
37-9 

140 

Ji-4 

140 

337 

160 

a6o 

160 

246 

■  So 

2J'4 

180 

I7'4 

190 

21-8  1   lUiLfr  slake. 

200 

12-8 

iSo 

79 

Beach  slake. 

'3-4 

23a 

S'S 

Ctesl  of  Leach. 

240 

99 

340 

SI 

157 

CiKtoflieach. 

248 

-  3-3 

264 

300 

—  93 

300 

-  51 

3SO 

-12-3 

400 

—  S'K 

400 

~  7-8 

SCO 

-9-S 

500 

-  SB 

600 

-IS-S 

Goo 

— '5'3 

700 

700 

-.9-8 

800 

~TA 

800 

-"73 

9,« 

-I  as 

— zS'S 

-40-8 

900 

-li 

31C 


r.    S.   COAST   AXIi   OEiiliF-Tir   SrRVEt. 


Ci'OM  nf*tionif  of  the  xkore  of  Cape  Cod,  tte.—*:ijnunucd. 


CROSS  SKCI  ION  N..  189. 
No.  247  of  1SS9. 

[(fUfiiTt:    I^ti:u<l'^.  42-  Oi'  3<"  '-:   I /njrilude. 
70-  i;'  aa"o:  ii/im-.i'h.  i5<r'    .o'.J 


Height 

iMstan'.f? 

aUiV-  or 

from 

l^eh^w 

RernarL?. 

origin. 

mean  -ca 

level. 

Metre:. 

0 

5-6 

20 

6-0 

ao 

61 

fXj 

67 

80  ■ 

71 

100 

1 1-9 

120 

23-1 

140 

320 

I  (if  J 

33  ? 

180 

27-5 

2CO 

268 

214 

241 

liluff  stake. 

22fJ 

174 

240 

86 

■  }!cach  stake. 

251 

8-4 

iJrcal  4if  )>cach. 

268 

3*2 

3«> 

4-8 

4fxy 

118 

5rXJ 

-  9'3 

(mX) 

148 

7CK} 

203 

8«jo 

1 8-8 

9fx> 

208 

I  r»fx> 

-  468 

I  070 

-728 

CROS^-^E^TI•.»N  No.  19a 

No.  249  of  1889. 

[Origin: 

I^t't>j«ie.  43'  04'  3a"  8:  loDKisudc, 

?«• 

13'  24'  »;  a- 
Height 

zimuth.  134'  y^.l 

Di. •stance 

alcove  or 

(r-jni 

below                 Kemark5. 

origin. 

mean  >ea 

level. 

J/^/r^j. 

i      -^>'^-       1 

0 

15-5 

20 

5-2 

40 

5-6 

60 

18-S 

80 

130 

. 

100 

27- 1 

120 

31-4 

• 

140 

2V5 

160 

26-6 

180 

243  ' 

197 

22-6     Bluff  Stake. 

200 

21-1 

220 

92      Keach  stake. 

235 

8 '8     Crest  of  beach. 

240 

74 

260 

-    1-5  ' 

272 

—  27 

300 

-  7-8 

400 

-  12S 

500 

6-6 

600 

—  14-8 

• 

700 

—20-3 

800 

-  19-3 

850 

-21-8 

9uo 

— 408 
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Cross-sections  of  the  shore  of  Cape  Cod,  etc. — Continued. 


CROSS-SECTION  No.  191. 

CROSS-SECTION  No.  192. 

No.  251  of  1889. 

No.  253 

of  1S89. 

[Origin: 

Latitude,  43<>  04'  ai"  g ;  1ongiturIc« 

[Origin : 

Latitude,  43" 

04'  23" '5;  longitude. 

TO- 

13'  46" 'o;  azimuth,  xsi"  45'.] 

7o» 

13'  55" '8;  azimuth,  147"  00'.] 

Height 

Height 

Distance 

above  or 

Distance 

alx)vc  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

;    origin. 

mean  sea 

level. 

Afdres. 

level. 

Afffres. 

/>^/. 

■ 

Feef. 

0 

247 

0 

19-3 

20 

24*6 

20 

11*9 

On  slope  of  ridge. 

40 

299 

40 

80 

60 

26-8 

60 

7-5 

80 

144 

80 

7-5 

100 

16-9 

£ 

100 

7-3 

120 

24*6 

• 

120 

8-5 

140 

282 

140 

131 

160 

25-2 

160 

21*5 

180 

195 

180 

25*2 

200 

9-8 

Beach  stake. 

188 

250 

Bluff  stake. 

220 

8-2 

200 

230 

225 

7.9 

Crest  of  beach. 

220 

157 

247 

—  3*4 

240 

121 

Beach  stake.  . 

300 

—  93 

260 

7-8 

400 

-II-8 

268 

8-3 

Crest  of  beach. 

500 

— 11*6 

280 

40 

600 

-«5-3 

295 

-  1-9 

700 

■-'9-3 

300 

-  38 

800 

—27-8 

400 

-15-8 

900 

-55-8 

SCO 
600 
700 
800 

—  9*3 
-138 

—  21-3 

—52-8 

850 

—70-8 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Cross-sections  of  the  shore  of  Cape  Cod,  etc. — Continnod. 


1 

CROSS-SECTION  No.  193. 

CROSS-SECTION  No.  194. 

1 

No.  255  of  1889. 

No.  257  of  1889. 

[Orij^in: 

Latitude,  42"  04'  19"  0 ;  lonffitude,      | 

[Origin : 

latitude,  42**  44'  «2"*7;  longitude. 

70" 

14'  06"  a;  azimuth,  136*  40'.] 

70- 

14'  14" 'a;  iiziinuth,  laS"  00'.] 

Height 

Height 

Distance 

above  or 

'•  Distance 

alxjve  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level.                                            - 

' 

level. 

Alefres. 

/>^/. 

Jl/cOrs. 

Feet. 

0 

20'4 

0 

7*o 

20 

188 

20 

13-8 

40 

6*9 

40 

"•3 

60 

91 

60 

145 

80 

IO-2 

80 

7-5 

foo 

14-4 

100 

8-3 

I20 

.20-8 

120 

1 03 

140 

227 

140 

11-8 

160 

19*3 

160 

14-8 

180 

133 

180 

177 

200 

132 

Beach  stake. 

200 

117     Beach  stake.               | 

220 

8-9 

220 

77 

300 

—  IO-6 

240 

80 

400 

~  8-6 

300 

~iO'6 

500 

—131 

400 

—13-6 

600 

—22-6 

500 

—28-6 

700 

65-6 

600 

--89-6 
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CroHS-sectiom  of  the  shore  of  Cape  Codj  etc. — Continued. 


CROSS-SECTION  No.  195. 

1 
1 

CROSS-SECTION  No.  196. 

No.  259  of  1889. 

No.  261  of  1889. 

[Origin : 
7o« 

Latitutlc,  42"  04'  04" '7;  longitude, 
14'  »o"'3;  azimuth,  123*  10'.] 

i      (Origin : 
70«> 

Ijttitmlc,  42**  03'  57" -5;  longitude, 
14'  28" '6;  azimuth,  120*  45'.] 

Distance 
fr«)m 

Height 

al)Ove  or 

l>elow 

Remarks. 

1 
Distance 

from 

Height 

above  or 

below 

Remarks. 

origin. 

mean  sea 
level. 

i    origin. 

mean  .sea 
level. 

AMrfs. 

/>^/. 

1    Metres. 

Feet. 

0 
20 
40 
60 
80 

190 

14-5 
91 

8-6 

8-6 

0 
20 
40 
60 
80 

5*4 

5-4 

54 

IO-6 

176 

m 

100 

91 

100 

2ro 

120 

131 

120 

136 

140 
160 
180 

167 
7-8 
7-6 

140 
160 
180 

no 

248 

12-6 

ISeach  stake. 

200 
220 

15*2 
127 

Heach  stake. 

200 
220 

9-4 
80 

240 
260 
300 
400 
500 
560 

100 
80 
—  7-6 
—12-6 
—29-6 
—82-6 

300 
400 

500 

—  9-6 

—  211 

_P_ 

—  iooo 

0 .  S  No  l)ottom  at  this 
//  I     depth. 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Cross  sections  of  the  shore  of  Cape  Cod^  etc, — Continued. 


CROSS-SECTION  No.  197. 

CROSS-SPXTION  No.  198. 

No.  263  of  1889. 

1 

No.  265  of  1889. 

i 

* 

•  [Urigin :  .At  dwelling  of  Race  Point  light  keeper. 

[Origin : 

latitude,  42°  03'  49" '5;  lonflfitutle, 

1      I Jititufic,  4a"  03'  43"  -2 ;  longitiiilc,  7o»  14'  39"  6 ; 

TO** 

14'  3a" '5;  azimuth,  109®  30'.] 

azimuth,  61**  40'.] 

Height 

i 

Height 

Distance 

above  or 

Distance 

above  or 

from 

l>elo\v 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea                                            ' 

origin.     '  mean  sea 

level.      \ 

level. 

Metres. 

Feet. 

Metres. 

Fe,'t. 

0 

8-9 

0 

12*2 

20 

6-8 

18 

^•5 

40 

7-8- 

38 

8-5 

60 

105 

58 

171 

80 

I2-0 

1 

78 

169 

1CX5 

iS-8 

98 

15-2 

120 

21-2 

118 

8-4 

140 

164 

138 

7-5 

Iicach  stake. 

160 

21*4 

158 

5-4 

• 

180 

171 

163 

.2-5 

200 

9-3      Heach  stake. 

200 

-4-6 

220 

7*5 

1 

300 

—  lo-i 

240 

7-8 

400 

—  25-6 

300 

6-6 

460 

— 90-6 

400 

—  1 6-6 

500 

-756 

525 

-95-6 

■ 
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Croffs-sectiotM  of  the  shore  of  Cape  Cody  etc. — Continued. 


CROSS-SECTION  No.  199. 

CROSS-SECTION  No.  200. 

No.  267  of  1889. 

No.  269  of  1889. 

lOriRio  : 

Lalitiidc,  4a**  03'  42"  5 ;  longitude. 

[Origin : 

I^iUtude,  42**  03'  34" 'i;  longitiide. 

70" 

14'  27"  8 ;  azimuth,  94"  3a'.) 

70" 

14'  18" -9;  aaimuth,  24°  40'.! 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

origin. 

mean  sea 
level. 

Feet. 

Afe/rgs. 

Metres, 

0 

39 

0 

2-5 

20 

5« 

16 

5-0 

40 

105 

36 

5-2 

60 

130 

56 

45 

Beach  stake. 

.    80 

6-4 

66 

19 

100 

7*4 

100 

8-6 

120 

79 

200" 

— 12-6 

140 

no 

300 

—141 

*B.  M. 

14*2 

400 

—14-6 

160 

109 

500 

—181 

180 

79 

600 

—26-6 

■ 

200 

7.9 

Beach  stake. 

700 

786 

220 

2-5 

• 

300 

—  7*6 

400 

—  lOI 

500 

—  13-6 

600 

186 

700 

—64-6 

735 

—77-6 

*  South  wont  boundary  Atone  of  light-houaereservHtion,  Race  Point,  Capo  Cod,  Mas«. 
H.  Ex.  43,  pt.  2—21 


\ 
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IT.    S.   COAST   AND   GEODETIC   feURVET. 


Cro8H  HevtionH  of  the  shore  of  CcLpe  Cod^  etv, — Coniinudd. 


c:koss-SECTi()?i  Ni>.  201. 

No.  271  of  1889. 

[Origin:  latitude,  4^"  03'  34" '5;  longitude, 
70*  14'  04"  3;  azimulh,  34**  45'.] 


Distance 

from 

origin. 


Metres. 

o 

20 

40 

60 

80 

100 

120 

140 

160 

180 

190 

200 

221 

400 
500 
600 
700 
800 
900 
I  000 
I  070 


Hei(;ht 
.ilK>ve  or 

below 
mean  sea 

level. 


Fee/. 

37 

43 

13-4 
14*6 

7-5 
5-2 

103 

44 
6-8 

53 
lo-o 

30 
07 

--    61 

—  iri 

—  14  I 

—  16-4 

—  181 

—  21-1 

—  26-6 

—  386 
— 102-6 


Remarks. 


Marsh  Hatches  Har- 
bor. 


Beach  stake. 


CROSS-SECTION  No.  202. 

No.  273  of  1889. 

[Origin:    Latitude,  43"  oV  30" 's:  longitinle, 
70"  13'  5»'"3;  "imuth,  24"  45'.! 


Distance 

from 

ori{;in. 


Metres. 

o 

20 

40 

60 

80 

100 

120 

140 

160 

180 

190 

200 

208 

300 

400 

500 

600 

700 

800 

900 

000 

100 

200 


I  300 


Height 
above  or 

below 
mean  sea 

level. 


Feet. 


10-3 

lo-o 

IO-8 

70 

5-2 

9'0 

14-8 

13-5 
80 

7*6 
7*4 
33 
31 

•lOI 

131 
141 

-i5'6 

■  161 

19-6 

■22*1 

-25-6 
28-6 

-41-6 


Remarks. 


Beach  stake. 
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Cross  sections  of  the  shore  of  Cape  Cod,  etc. — Continued. 


CROSS-TJECTION  No.  203. 

No.  275  of  1889, 

[Origin:  Latitude,  43*  03'  23"  8 ;  longitude, 
70®  13'  38". 5;  azimuth,  47"  15'. T 


Distance 

from 

origin. 


Height 
above  or 

below 
mean  sea 

level. 


Mettes, 

Feet, 

0 

8-4 

20 

103 

40 

81 

60 

7*9 

80 

99 

100 

15-2 

120 

248 

140 

340 

160 

298 

180 

235 

200 

94 

220 

2*9 

225 

—  IS 

300 

—  9*6 

400 

— ir6 

500 

-138 

600 

-151 

700 

— 186 

800 

—19-6 

900 

—  21-6 

I  000 

—24-6 

I  100 

— 27-6 

I  200 

—34-6 

I  300 

66-6 

Ramarks. 


Beach  stake. 


CROSS-SECTION  No.  204. 

No.  277  of  1889. 

[Origin:  Ijititude,  49''  03'  16"  o*  longitude. 
7o«  13'  99"  7;  azimuth,  ss"  55'.] 


Distance 

from 

origin. 


Height 
above  or 

below 
mean  sea 

level. 


Metres. 

FeeU 

0 

239 

20 

34-5 

40 

39' « 

60 

>7'4 

80 

no 

100 

15-6 

120 

8-8 

140 

2-6 

160 

2-8 

180 

71 

200 

130 

220 

120 

248 

04 

300 

—  lOI 

400 

II-6 

500 

-141 

600 

-—161 

700 

186 

800 

— 201 

900 

— 24- 1 

I  000 

—25-6 

I  100 

—27-1 

I  200 

—32-6 

1300 

—446 

Remarks. 


Beach  stake. 
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ir.  P.  ro4ST  AND  Gt:Mi»F:Tic  survey. 


Cross  unit ioNS  of  the  skore  of  Capr  Godj  eU\ — Cimtiniiixl. 


CROSS-SKCTION  No.  205. 

No.  279  of  18S9. 

[Origin:  r.atitutlc.  42"  03'  ofi"  1 ;   lonRitiicIc, 
70"  n'  22"  6:  H/iiiiiitli,  3^"^  \%'.\ 


CR(>S<  Si:(  TlO\   No.  206. 

Nn.  2S1   of  18S9. 

(Oiigin.    I.MlittiHc,  4^"  0/  fK>"  r;   longitude, 
■70'  I.?'  14''"?;  H/.iniuth,  57"  ^s'.| 


Height 

1 

Hei^lit 

Distance 

aNivc  or 

1  1  H.stanre 

al>ovc  iir 

from 

!u*low 

Remarks.            • 

from 

lielnw      ! 

Remark  a. 

origin. 

mean  sea 

' 

ori|;in. 

mean  sea 

level. 
Feet. 

!    Metres. 

level. 
Feet. 

Metres. 

0 

15-5 

0 

12-2 

20 

97 

20 

10-5 

40 

104 

40 

«-3 

60 

129 

60 

103 

80 

i6-i 

i                80 

i3-9 

100 

143 

100 

44 

120 

IO-2 

120 

4-6 

140 

3-4 

140 

5-0 

160 

4-2 

160 

5  4 

180 

49 

;          I  So 

115 

200 

8-4 

Beach  stake.               "j           it)o 

124 

206 

12-6 

200 

6-2 

nt/acli  M;ike. 

-232 

1-2 

220 

24 

300 

-  •  9'6 

300 

46 

400 

—  14-6 

400 

-III 

500 

—  17-6 

i              500 

-14- 1 

600 

--I7-8 

600 

16-6 

700 

—  181 

700 

--  1 8-6 

800 

--19-6 

:       800 

lOI 

900 

—  201 

900 

io(> 

I  CXX) 

--22- 1 

I  (XK> 

2I-I 

I  100 

-24-1 

I   100 

22'I 

I  200 

-     231 

1   JIOO 

JI    1 

1300 

-  y^'s 

1        I  3o<j 

uyU 

1360 

■    75-^' 

I  4fx) 

240 

I4S5 

-7(»-6 
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CroHH  sediomt  of  the  shore  of  Cape  Coti,  etc Contiiiiic<l. 


CROSS-SECTION  No.  207. 

No.  283  of  1889. 
[Origin:  I^atitude,  4a*  oa'  51" '2;  longitude, 


CROSS-SECTION  No.  208. 

No.  285  of  1889. 
[Origin:  Latitude.  42"  03'  42" '5;  longitude, 


70- 

ij'  08"  0;  azinvjth,  57"  00'.] 

70" 

13'  vx>"  7  ;  azimuth,  62"  30'.] 

Height 

Height 

Distance 

above  or 

Distance 

al)(>ve  or 

from 

Ijelow 

Remarks. 

from 

l>ch)w 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feci. 

■ 

Me f res. 

Fecf, 

0 

13-4 

0 

'34 

20 

12*4 

20 

8-6 

40 

72 

40 

39 

60 

37 

60 

39 

80 

35 

8q 

40 

100 

35 

100 

1 

3-8 

120 

3« 

120 

37 

140 

6-6 

140 

57 

154 

80 

i(>o 

8-4 

lieach  stake. 

100 

76 

Heach  stake. 

180 

25 

m 

180 

27 

207 

Zi 

205 

—    40 

300 

—  11-6 

250 

—     96 

i         400 

-   151 

300 

--   11-6 

1         S^ 

—  161 

400 

—   161 

600 

-    178 

500 

17-6 

700 

-   19- 1 

600 

-    20-I 

800 

—  20.1 

700 

201 

900 

196 

800 

204 

1  000 

-    i8-6 

9CX) 

—    2I-I 

I  100 

—  17-6 

I  000 

■    201 

I  2UO 

-  i8-6 

I  100 

-    18  1 

I  300 

—  59-6 

1  200 

-     191 

»  340 

loo- 

No   IxDttom    at 

this 

I  300 

-   39-6 

depth. 

»  340 

loo- 

No  bottom   at    this 

depth. 
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IT.    S.    COAST    AND    OKODETIO    fiURVEY. 


VroKHHevlionH  of  the  nhorv  of  Cnpv  Vod^  etc Coiifinnrd. 


1 
CROSS  SECTION  N«).  209.              ^ 

No.  287  of  1889. 

[Origin :  latitude,  4a*'  oa'  ^3"  4 ;  longitude, 
70'*  la'  53"  y  ;  azimuth,  (•8*  as'.] 

CROSS-SECTION  No.  209— Continued, 
No.  287  of  1889. 

Distance 

from 

origin. 

Height 
above  or 

below 
mean  sea 

level. 

Remarks. 

Distance 

from 

origin. 

Height 
above  or 

below 
mean  sea 

level. 

Feet. 
~  2-8 
—121 
-136 

-  176 
-151 

-190 

-  -19-6 

181 

-  17-6 
-17-6 

—22-6 
-     786 

f 

Remarks. 

Afetres. 

0 

20 

40 

60 

80 

100 

120 

140 

160 

168 

180 

2CX> 

Feet. 
>5-3 

12-2 
5-2 

39 

41 

4*3 

4-8 

57 
6-8 

77 

5« 
1-8 

Heach  stake. 

Metres. 

224 

300 

4CX> 

500 

600 

700 

800 

900 

I  000 

I  100 

I  200 

1280 
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Cross  seetwiut  of  the  shore  of  Cajpc  Cod^  etc. — Contiimed. 


CROSS-SECTION  No.  210. 

- 

No.  289 

1  of  1889. 

[Origin : 

Latitude,  4a 

*  09'  a3"'7 ;  longitude. 

70 

»  la'  5o"-6 ;  azimuth,  70*  50'.] 

Distance 

Height 
above  or 

from 

be'ow 

Remarks. 

ongin. 

mean  sea 
level. 

Afe/rfs, 

Ffer. 

0 

12*6 

20 

35 

Edge  of  marsh. 

40 
60 

3-8 
2-6 

80 
100 

3*4 
4-4 

Edge  of  marsh. 

120 

10-6 

140 
148 
160 

223 

20-6 

6-4 

Heach  stake. 

r8o 

1*3 

198 

--     20 

300 

—    12*4 

400 

-    126 

500 
600 

-  176 

—  191 

700 
800 

-  I80 

-  166 

900 

166 

I  000 

—  176 

1  100 
1  160 

566 

-  loo- 

No    bottom   at  this 
depth. 

CROSS-SECTION  No.  211. 

No.  291  of  1889. 

[Origin :  Latitude,  4a<*  09'  i^'^'s  ;  longitude, 
70**  19'  47"'8;  azimuth,  68"  as'.] 


Distance 

irom 

origin. 


Metres. 

o 

20 

40 

60 

80 

100 

117 

120 

140 

166 

200 

300 

400 

500 

600 

700 

80Q 

870 

930 


Height 
above  or 
.  below 
mean  sea 

level. 


Feet. 

44 
4*9 
51 
51 

9'2 

167 
150 
10*2 

32 

-  ri 

-  71 

-  12-6 

-  14-6 
--  156 

150 
17-6 

-  186 

-  66-6 

-  loo- 


Remarks. 


Grass  line* 
Beach  stake. 


No    Ix'ittom   at 
depth. 


this 


3-28 


II.  S.  COAST  ANM)  OEODETTC  SURVEY. 


CroHs-sectionit  of  the  nhore  of  Cape  6'»w/,  etc, — (*ontiiinr«l. 


CROSS-SKCTION  No.  212. 

No.  H}^  of  1S89. 

(OriKin:  Latitude,  42**  03' 06" '3;  lonf(itude, 
70"  12'  4j"-i  ;  a/iinmh,  si"  55'] 


I     ilei(;lit 
I  )istance  •  alM)vif  or 


from 

below 

origin. 

mean  sea 

level. 

Metros. 

Feet, 

0 

3-6 

20 

4-2 

40 

5i 

60 

10-9 

80 

151 

100 

«3  4 

120 

77 

140 

35 

162 

--  0-6 

200 

-  -  9*6 

300 

—  12-6 

400 

— 14-6 

500 

166 

600 

-  171 

700 

-  276 

750 

-   95-6 

Remarks. 


Grasts  line. 
Heach  ;itake. 


CRC)SS-Si:(   riON  No.  213. 

No.  295  of  1889. 

[Origin  :  I  Jiiituile,  42"  ui'  \W  g  ;  longitude, 
70*  la'  3^"  6;  a/iniiitli.  48^  30'.] 


I  >istance 
from 
i    origin. 


Height    , 
alnive  nr 

l>elow 
mean  sea 

level. 


Feet. 

34 

4> 

64 

159 

»3-5 
8-4 
2-3 

-    «3i 

14-6 

-      M'l  I 

■  i5-i  : 
-  191  ' 

loo- 


Remarks. 


(irass  line. 
Heach  stake. 


No    lN)ttoni 
ileptli. 


at   this 
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Cross-sections  of  the  shore  of  Cape  Cod,  e/p.— Continued. 


CROSS-SKCTION  No.  214. 


[Origin: 

INO.  297 
Latitude,  43*^ 

700 

12'  35" -6;  a 

Distance 

Height 
al)ovf  or 

from 

Ix'low 

origin. 

mean  sea 
level. 

Ket. 

Jftr/rfs. 

0 

2-0 

20 

1-9 

40 
60 
So 

23 
43 
73 

100 

I3« 

114 

0-3 

120 

i5-3 

140 
160 

1-5 
0-6 

200 

—  81 

300 

—  12-6 

400 

- 161 

500 
600 

-181 

—19-6 

700 
760 

-  231 

-  266 

Remark.s. 


Grass  line, 
lieach  stake. 


CROSS  SECTION  Nu.  215. 

No.  299  of  18S9. 

(Origin:  Latitutte,  42°  01'  43"  6;  longitude. 
70*  12'  iv"'4;  a/injutli,  42*"  51'.] 


o 
100 
200 

300 

4U0 

500 

()00 

650 
700 


--  9'0 

-  14-6 
--  17-1 

19-6 

2I-I 

i8f. 
326 

-  lou- 


No   l>ottom    at    thi^ 
depth. 


CROSS-SECTION  No.  216. 

No.  301  of  1889. 

[Orighi:   Latitude,  42®  01' 36" '9;  longitude. 

70*  12'  10" 'i;  azimuth,  40°  30'.] 

1  Icight 

■ 

j  Distance 

al>ovc  or 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

I 

Mcfres. 

Feet. 

0 

_  _ 

1            100 

-  71 

200 

—  13-6 

300 

—  146 

400 

— 15-6 

500 

—  15-6 

600 

-IS'4 

700 

— 186 

770 

-37-6 

CROSS-SECTION  No.  217. 

No.  303  of  1889. 

[Origin:  Latitude,  42*  01'  :\o"$\  longitude. 

70*'  la'  00"  4;  a/iinutli,  45"  js'.j 

0 

100 

0-9 

2(X) 

>3i 

300 

14-6 

4CX) 

14  I 

500 

12'() 

Ooo 

57-6 

670 

loo- 

No   bottom    at    this 
ilepth. 
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U.    fi.    COAST    AXD    OEOOKTIC    SlIKVEY. 


CrosH-Hfi'tioiiH  of  the  nhore  of  (Uipe  Coily  etv.—roniUxnfA, 


CROSS-SKCnON  N(i.  218. 

No.  305  of  1889. 

[Origin:  Latitude, 4a**  01'  23'' '3;  longitude, 
70*  11'  51" '6;  azimuth,  45"  10'. J 


Distance 

Height 
alx)ve  or 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

Metrei. 

Feet, 

0 

^  ^ 

100 

-    4-6 

200 

—  12-6 

300 
350 

—    20-6 

loo- 

No   l)Ottom    at   this 

depth. 

CROSSSECTION  No.  221. 

No.  311  of  1889. 

[Origin : 

latitude,  4a**  01'  la^'a;  longitude. 

TO" 

ii'  16"  8;  aznimth,  00*  00'.] 

Distance 

Height 
above  or 

from 

below 

Remarks. 

origm. 

mean  sea 
level. 

Metres. 

Feet. 

0 

•   • 

100 

—  76 

150 
190 

1 
1 
1 
1 

1 

-  30  6 
88-6 

CROSS-SECTION  No.  219. 

No.  307  of  1889. 

[<^rigin:  Latitude,  4a"  01'  17" 'u;  longitude, 
70"  11'  4i"'5;  azimuth,  33**  15'. J 


o 
100 

150 

220 


-  6-6 

-  166 

-  86-6 


CROSS  SEC  LION  N.>.  220. 

No.  309  of  1889. 

[Origin:    Latitude,  42"  01'  i3"'8;  longitude, 
70**  11'  -n/'^S;  azimuth,  16"  50'.] 


o 
100 
200 


1-6 
58-6 


CROSS-SECTION  No.  222. 

No.  313  of  1889. 

[Origin:    latitude,  43"  01'  14" 'a;  longitude, 
70°  11'  o\" '\i\  azimuth,  34)*'  15'.] 


O  \ 
100 
190 


—  8-6 
_  940 


CROSS  ShX'lION   No.  22J. 

No.  315  of  1889. 

[Origin:   Latitude,  42"  01'  17"  7:  longitude, 
70*  10'  52"  o;  azimuth,  {26"  53'.] 


O 
100 

150 ; 

180  ! 


-  100 
100*        No   lM>ttoni    at   this 

{  ilcplll. 
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Crofts  HevHoHH  of  the  nhorv  of  Capr  Cod,  efv. — (S>iit.iinuMl. 


CROSS  SECTION  No.  224. 

No.  317  of  1889. 

[Origin:  Ijititude.  42°  01'  34'' '9;  longitude, 
70*  10'  42"  3;  azimuth,  314"  cx)'.J 


CROSS  SECTION  No.  227. 

No.  323  of  1889. 

[Orfgin:  Latitmlc,  42"  01'  47"  "0;  longitude, 
•  70*  10'  17" 'y;  azimuth,  299^  25'.] 


Distance 

from 

origin. 


Metres, 
o 
140 

'75 


Height 

above  or 

below 

Remarks. 

mean  sea 
level. 

• 

Feet, 

« 

— 10-6 
—71-6 

CROSS-SECTION  N«..  225. 

No.  319  of  1889. 

[Origin:   Ijititude,  42*  01'  31" "2;  longitude, 
70*  10'  33" '2;  azimuth,  31a''  25'.] 


O 
130 

190 


-  6-6 
-49-6 


Distance 

from 

origin. 


Height 
alxjve  or 

below 
mean  sea 

level. 


Remarks. 


CROSS-SECTION  No.  228. 

No.  325  of  1889. 

[Origin:  Ijititudc,  42**  01'  56"  i;  longitude, 
70"  10'  13"  "o;  azimuth,  3^^"  25'.] 


O 
100 
200 
300 
400 
460 


lO-I 

136 

10-6 
236 

706  ! 


I 


CK 

.( )SS-SE(TI(  )N  N.».  226. 

No.  321  r»f  1889. 

[Origin:  Latilu«le,  4^"  01'  37" -3;  longitude, 

70*  10'  22" "I ;  u/iiiiutli,  i«J4  '  50'.) 

0 

50 

-    7-6 

100 

240 

120 

-496 

CROSS  SECTION  No.  229. 

No.  326  of  1889. 

[Origin:  Latitude.  42"  02'  00" 'o;  longitude, 
70*  lo'  o8"(.;  HZiiiiulh,  2^9"  75'. J 


0 

100 

84 

200 

i3« 

300 

161 

400 

211 

450 

-    45'^ 

$00 

-loo-o 

NoIk) 
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IJ.    S.    rOAST   AND   GEODETIC   SITRVEY. 


Croftff-Mf'vtioHM  in  Cape  Cod  Bay. 


CROSS-SECTION  No.  o. 

1889. 

[Origin: 

Latitude,  42*  oa'  38" 'i;  lonRitude, 

7o« 

06'  a3"-4;  aziniulh,  40*"  50'.] 

Height 

Distance 

above  or 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

Metres, 

Fee/. 

o 

34*4 

i8 

29*6 

38 

382 

58 

456 

78 

488 

98 

55-4 

118 

440 

138 

193  ■  Beach  stake. 

158 

4-6 

174 

—  1-8 

200 

-  4-6 

1 

300 

-  5-8 

• 

400 

-  7-8 

500 

-  81 

1 

600 

— II-6 

1 

700 

— 17-6 

800 

—22*6 

900 

—281 

I  ocx> 

3y(> 

I  100 

-381 

I  200 

-   41-6 

I  250 

-43-6 

CROSS  SECTION  No.  2. 

1889. 

[Origin:  Latitmle,  4a'  02'  44" '3;  longitude, 
70"  06'  3a" -6;  azimuth,  4o*>  50'.) 

Distance 
from 

Height 

alK)vc  or 

Wow 

Remarks. 

origm. 

mean  sea 
level. 

^ 

Metres. 

I'Wt. 

1 

0 
20 
40 
60 
80 

499 
232 
II-8 

7-2 
6"9 

100 

91 

114 
120 

170 
no 

140 

»53 
200 

300 

31 

_    21 

_  4-6 
—  6-6 

400 
500 
600 
700 
800 

8-1 
-  91 

—  IO-6 
168 

-  -221 

■ 

900. 
I  000 

-25-6 
-  300 

I  100 
I  200 

-  34-6 
-37-6 

I  300 
I  400 

-  43' 
-44-6 
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Cross  sections  in  Cape  Cod  5fiy— Continued. 


CROSS-SECTION  No.  3. 

CROSS  SECTION  No.  4. 

1889. 

1889. 

[Orij^in : 

Latitude,  42"  oa'  49" '9;  longitude, 

[OriKin : 

Latitude,  42*  02'  47"  5;  longitude. 

7o» 

of>'  34"  9;  «zimuth,  30"  50'.] 

1 

7o» 

06'  46"  a;  a/imuth.  ^fl"  30'.! 

Height 

Height 

Distance 

above  or 

Distance 

alx)ve  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 
level. 

origin. 

mean  sea 
level. 

Mt/rfs. 

Fef/. 

Aft/res. 

/*«/. 

0 

35*9 

0 

286 

20 

390 

20 

299 

40 

39-8 

40 

298 

60 

413 

60 

265 

80 

27-2 

80 

21-9 

100 

142 

« 

100 

14-6 

[20 

19*2 

120 

11-8 

138 

15*9 

Center    of    railroad  \ 

140 

■    5-8 

160 

5-8 

track. 

160 

S-o 

180 

67 

180 

4-6 

200 

6-8 

188 

9-8 

Center    of    railroad 

218 

15-2 

200 

4-7 

track. 

220 

131 

220 

4'S 

224 

1 1-4 

240 

67 

240 

9-0 

253 

«4S 

254 

-  2-5 

260 

no 

300 

-5-6 

280 

33 

400 

—  6-6 

295 

—  29 

Soo 

—  7-4 

400 

6-6 

600 

—  9« 

SCO 

—  74 

700 

— 10-6 

600 

—  7*4 

800 

186 

700 

-  8-8 

900 

—  22-6 

800 

—141 

1  000 

—  27-6 

900 

— 21*6 

I  100 

-29-6 

I  000 

-26-1 

I  200 

—  32-6 

1  100 

—30-6 

1300 

-35*6 

I  200 

—31-6 

I  400 

—39*6 

I  300 

— 34» 

I  SCO 

~43-6 

I  400 

-36-6 

I  600 

—47-6 

I  460 

—39-6 
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CroKHHCviioiiH  in  (Utpr  Coti  /^/y—Contjniicil. 


CKOSSSKc TIoN  N(».  5. 
1SS9. 

i()ii;!iM:   r.aiiliiflr.  ^j'  'i.''  «,?"•,;  loncitinlc. 
70"  ■-/,'  ^7"  ^;  a/itniith,  y-i'^  4':] 


I>i««l»ncc 

from 

«»rij;iii. 


!  J/i'//rj. 

o 

20 

40 

60 

80 

100 

120 

124 

140 

157 
200 

300 

400 

500 

600 

700 

800 

900 

I  000 

I  100 

I  200 

1300 


.._l 


I  CKOSS-SKCTION  ND.  7. 

■  1S89. 

|'»rit:in:  I  atiUHlc.  i?*"  n^'  r,/' >i;  Imieitiide, 
,  7M-  ./.'  57"  7  ;  ar.iiniith.  j/"  03M 


alK)vc  or 
,      l>cl()\v 
I  menu  sea 
level. 


Pert, 

3-9 

41 

44 
(1-5 

4-6 
51 

12-4 
41 

--  ,Vi 

—  61 

—  6-8 

—  6-8 

-7-8 

—  91 

—  14-6 

—  22-6 

—28-6 

—30-6 

— 32-6 

-34« 
-366 


Remarks. 


Distance 

fr«  >m 

orij^in. 


('enter    of 
track. 


railroad 


Height 
alxivc  «ir 

below 
moan  sea 

level. 


Remarks. 
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Cross-sections  in  Cape  Cod  Bay — (jou tinned. 


CROSS  SECTION  No.  9. 

1889. 

[Origin :  latitude,  42®  03'  05"  7 ;  longitude, 
70*  07'  o9"*i;  azimuth,  31"  35'.] 


Distance 

from 

origin. 


Metres. 

o 

20 

40 

60 

80 

88 

100 

120 

140 

160 

16s 

180 

198 

300 

400 

500 

600 

700 

800 

900 

I  000 

I  100 

I  200 

I  300 

I  400 

I  500 


Height 
above  or 

below 
mean  sea 

level. 


Feet, 

37 
34 
3*4 
35 

1-2 

6-6 
50 
18 

9*2 

138 

iO'4 
40 

-3-8 

—  5*9 

—  6*9 

—  79 
-8-9 
—107 
— 13*2 

—157 
— 227 

-307 
-3'7 
—337 
--35-2 
--37*2 


Remarks. 


Center    of   railroad 
track. 


Beach  stake. 


CROSS-SECTION  N«).  11. 

1889. 

[Origin:  Lalitude.  4a*'  03'  ii""3;  longitude, 
70®  07'  19" '6;  azimuth,  31**  40'.] 


Distance 

from 

origin. 


Height 
above  or 

below 
mean  sea 

level. 


Metres. 

Feet. 

0 

2-6 

20 

4'3 

40 

2*9 

60 

1-5 

80 

41 

100 

2-9 

'15 

6-4. 

120 

6-2 

140 

57 

160 

11-4 

180 

136 

190 

12-0 

200 

6-2 

225 

--  41 

300 

-   67 

400 

-  57 

500 

—  6-2 

600 

-  87 

700 

— 107 

800 

— 12*5 

900 

-  127 

I  000 

-'57 

I  100 

-  21-2 

I  200 

—257 

I  300 

287 

I  400 

—307 

I  500 

—327 

I  600 

-367 

Remarks. 


Center    of    railroad 
track. 


Crest  of  beach. 
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CroHH-HCctiouH  in  Cape  Cod  Batf—'vouthuwtx, 


CROSS  SK<'TI(>\  No.  21. 

1S89. 

[Orjcin:   Latitude.  4a"  03'  31"  "6;  InnRiluHr. 
70*  08'  i&""5;  azimuth,  40**  lo'.J 


CROSS-SECTION  Xm.  23. 

1889. 

[Origin:  LHtitude.  42"  n\'  .47"  9:  longiludc, 
70''  08'  v8"-5:  azimuth,  40"  10'.] 


Height 

Distance 

a]x)ve  or 

from 

l)clow 

Remarks. 

origin. 

mean  sea 

level. 

Metres. 

Feet. 

0 

1-5 

22 

61 

Center    of    railroad  . 

40 

8-4 

track. 

60 

95 

80 

8-2 

94 

73 

100 

52 

loS 

40 

200 

45 

300 

-  -  4-5 

400 

-    47 

SCO 

5'S 

j 

()00 

-  5^ 

700 

-  5-5 

800 

-    6-5 

900 

-  7-9 

I  000 

-     8-5 

I  100 

—107 

I  200 

-117 

1300 

17-2 

I  400 

-242 

I  500 

-247 

I  600 

-257 

I  700 

-277 

1 

I  Soo 

-297 

I  900 

--337 

Distance 

from 

origin. 


Metres. 
o 
20 

3« 
60 

80 

94 
200 

300 

400 

500 

600 

loo 

800 

900 

I  000 

I  100 

I  200 

I  300 

I  400 

I  500 

I  600 

I  700 

I  800 

1  900 
2000 

2  100 


Height 
al)ove  or 

below 
mean  sea 

level. 


I 


Feet. 

2'3 
39 

6*2 

100 
80 

-  33 
3-5 

-  3-5 
37 

37 

-  42 

4-2. 

-  -  6-2 

-  6-2 

5-9 
8-9 

70 

-  11-2 

147 

-21  7 

227 

-.247 

257 
-277 

-317 
357 


Remarks. 


<. 'enter    of 
track. 


railn>a(l 
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Cross-secUom  in  Gape  Cod  Bay — Continned. 


CROSS-SECTION  No.  25. 

CROSS-SECTION  No. 

25 — Continued. 

1889. 

[Origin:  Latitude,  4a*  03' 43" '8;  longitude, 

70°  08'  38"-5 ;  »zlmuth,  37"  ao  J 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

ongin. 

mean  sea 
level. 

j    origin. 

mean  sea 
level. 

Metres. 

Feet, 

Metres. 

Feet. 

0 

1-6 

I  000 

-  5-2 

10 

19 

I  100 

-  87 

29i 

8-9 

Center    of    railroad 
track. 

'        I  200 
1300 

-  7-5 
—127 

50 

10-4 

I  400 

—127 

70 

—  04 

1500 

—21-2 

99 

—  2-6 

I  600 

---217 

200 

-  37 

I  700 

-23-2 

300 

-  4-5 

I  800 

—  24-2 

400 

-  35 

I  900 

-247 

500 

—  3*9 

1 

2000 

—  267 

600 

—  39 

* 

2  100 

--29-2 

700 

-  4-5 

!      2  200 

-337 

800 

-  4-5 

2300 

-397 

900 

-  49 

2400 

-537 

Elevation  of  Brnch  mnrlcJi  on  Cape  Cod. 

[DetiMinined  by  geodetic  leveling,  1880.] 


Number  and  locality  of  bench-mark. 

Elevation  above  mean 
sea  level. 

Metres. 

Feet, 

B.  M.  XIII,  on  Cape  Cod  Light- House. 

42-1653 

138-337 

B.  M.  XIV,  near  Cape  Cod  Light- House. 

37-5770 

123-284 

T.  B.  M.  64,  near  Cape  Cod  Light-House. 

392025 

128*617 

T.  B.  M.  69,  High  Head,  Truro. 

201455 

66094 

B.  M.  XV,  High  Head,  Truro. 

1-8503 

6-070 

B.  M.  XVI,  near  railroad,  between  High  Head  and  Provincetown. 

I'l^l^ 

11*099 

B.  M.  XVII,  near  railroad,  between  High  Head  and  Provincetown. 

4*2811 

14046 

B.  M.  XVIII,  on  boundary  between  Truro  and  Provincetown. 

2-6797 

8-792 

T.  B.  M.  76,  in  village  of  Provincetown. 

71957 

23-608 

Cent.  Ch.  B.  M.,  in  village  of  Provincetown. 

7-5621 

24*810 

Note.— T.  B.  M.  76  and  Cent.  Ch.  B.  M.  connected  with  B.  M.  XVIII  by  duplicate  line  \ 
(:ommon  levels^in  1890. 
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DESCRIPTION  OF  BENCH-MARKS,  CAPE  COD.  MASSACHUSETTS. 

B,  Mi  XI 11, — On  Capo  Cod  Lijrht-house  tower.  The  reference^  ih  the  Diiddle  of  a 
horizontal  mark  cut  in  one  of  the  granite  window-sills  of  the  tower,  Hi/i^hlands  of 
Truro,  Cape  Cod. 

EstabllHhed  .July  10,  1889. 

B,  M,  XIV. — In  u  paHtiire  owned  by  I.  M.  Small,  about  1^60  uictreH  back  from  Cape 
Cod  Light-liou8e.  The  relerenre  is  the  top  of  ix  f>o]>per  l>olt  leaded  in  a  large  rock. 
ThiH  rock  is  one  of  three  in  the  immediate  vicinity  and  ha**  the  letters  '*B.  M.'*  cut 
in  top. 

Established  July  19,  1889. 

T.  B.  M.  64, — The  geometrical  centre  of  the  toj)  of  the  stone  i»08t  marking  the 
northwest  comer  of  the  Cape  Cod  Light-house  grounds.  This  post  is  of  granit4>,  hav- 
ing a  dressed  top  with  the  letters  **  I'.  S.  L.  H.  E."cut  in  it.  It  is  also  just  at  the  corner 
of  the  platform  in  front  of  the  Highland  signal  station. 

Established  .July  2,  1889. 

T.  B.  M.  69.— T.  B.  M.  69  is  near  High  Head,  t^iwn  of  Truro,  Cape  Cod,  Mass.,  and 
is  on  land  owned  by  Thomas  F.  Small.  It  is  the  centre  of  the  top  of  a  granite  post 
that  is  locat«wl  on  top  of  the  necond  bluft*  to  tlie  oast'ward  of  AVilliam  Holden's  house; 
the  post  has  a  dressed  top,  is  about  6  by  H  inches,  and  projects  one  foot  above  ground ; 
has  the  letters  '^U.  S.  No.  ir'  cut  in  one  of  its  sides.  Placed  here  bv  United  States 
Engineers. 

Established  as  a  T.  B.  M..  July  8,  1889. 

B,  M.  XV, — B.  M.  XV  is  at  High  Head,  t^wn  of  Truro,  Cape  (^od,  Mass..  on  tho 
land  of  William  Holden.  It  is  the  top  of  a  copper  bolt  that  is  lea<led  in  a  large 
bowlder;  tho  bowlder  is  buried  about  one  foot  under  ground  and  is  between  wagon- 
track  and  fencr,  just  east  of  William  Holden*s  wagouhouse,  being  34.8  metres  from 
the  northeast  corner;  it  is  79.9  nietres  from  northeast  comer  of  house  (upright  part), 
and  .57.0  metres  from  northwest  corner  of  barn. 

EstJiblished  .July  .3,  1889. 

Mr.  William  Holden  knows  its  location.  ^ 

B,  M,  XVI, — B.  M.  XVI  is  in  the  town  of  Truro,  Cape  Cod,  Mass.  It  is  the  highest 
point  on  the  top  of  the  one  hundred  and  Mixte<'nth  milepost.  Cape  Cod  division  of  tho 
Old  Colony  Railroad.  The  said  i»oHt  stands  close  to  the  trac^k  on  the  north  side, and 
is  alHiut  halfway  between  the  villages  or  depots  of  North  Truro  and  Provincetown; 
it  is  a  rough  grauit**  poMt  about  one  foot  S(|uare,  projecting  five  feet  above  ground; 
two  a<ljoining  faces  near  the  top  are  dresseil,  on  each  of  which  are  the  figures  *'116" 
put  on  with  black  paint. 

Established  July  11,  1889. 

B.  M.  XVII, — B.  M.  XVII  is  in  the  town  of  Truro,  Cape  Cod,  Mass.  It  is  the  high- 
est point  on  the  top  of  the  one  hundred  and  seventeenth  milepost.  Cape  Cod  division 
of  the  Old  Colony  Railroad.  The  said  post  stands  close  to  the  track  on  the  north  side, 
and  is  alK>ut  two  and  a  half  miles  from  the  depot  at  Provincetown;  it  is  also  just 
east  of  where  the  wagon  road  crosses  the  track,  n<;ar  the  east  end  of  the  dike,  at 
Beach  Point;  it  is  a  rough  granite  post  about  one  foot  square,  projecting  nearly  six 
feet  above  ground ;  two  adjoining  faces  near  the  top  are  dressed,  on  each  of  which 
are  the  figures  "117"  put  on  with  black  paint. 

Established  July  11,  1889. 

R.  M,  XVIII. — B.  M.  XVIII  is  on  the  town  line  between  the  towns  of  Truro  and 
ProTincetown,  Cape  Cod,  Mass.  It  is  the  highest  point  on  the  top  of  the  rough 
granite  post  known  as  Truro  Corner  .5,  and  stands  on  the  northeast  side  of  the  dike 
at  Beach  Point;  it  projects  about  eighteen  inches  above  ground,  and  has  the  letter 
"T"  cut  in  the  Truro  side  and  "P'^  in  the  Provincetown  side  of  the  post. 

Standing  just  across  tho  roadway  (on  the  southwest  side  of  dike)  is  a  stone  poet 
'l&rin  size  and  sb&pc,  that  is  also  on  the  town  line. 
^tAbUebed  July  11, 1889. 
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r.  /?.  M.  70.— T.  B.  M.  76  iu  in  the  village  of  Pn»viueetown,  Cape  (^od,  Mass.  It 
Ih  the  to])  of  the  dresHed  granite  post  stumling  at  the  southcant  corner  of  church-yard 
of  Centenary  M.  E.  Church;  it  is  the  post  in  which  the  iron  post  of  the  fence  setn, 
comer  of  Commercial  and  Wintlirop  streetM. 

Standing  ju8t  on  the  east  side  of  tlie  bench  (in  Winthrop  street)  is  a  rough  granite 
post  that  is  about  one  foot  higher. 

Established  September  17,  1889. 

Centenary  Church  8,  M, — A  line  cnt  in  brick  foundation  of  Centenary  M.  E.  Church, 

at  Provincetowu;  Mass.     B.  M.  is  on  east  side  of  front  part  of  church,  1^  metres  east 

of  front  steps;  it  is  on  the  fourth  brick  from  southeast  corner  and  on  the  second 

U  S 
course  below  the  womleu  part  of  the  building,  marked  .JLp 

lo9(/« 

The  B.  M.  is  27  metres  northeast  of  T.  B.  M.  7U. 
Established  June  30,  1890. 
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APPENDIX  NO.  10-1891. 


ON  OBSERVATIONS  OF  CURI«ENTS  WITH  THE  DIRECTION-CURRENT 
METER  IN  THE  STRAITS  OF  FLORIDA  AND  IN  THE  GULF  OF 
MEXICO,  1891. 


A  report  by  E.  E.  Haskell,  AnHistaut. 
Submitted  for.  publication  April  9,   1892. 


The  following  repoii)  on  the  current  observations  made  with  the 
direction-current  meter  on  board  the  Coast  and  Geodetic  Survey 
steamer  Blakcj  Lieut.  C.  E.  Vreeland,  U.  S.  Navy,  commanding,  in  the 
Straits  of  Florida  and  the  Gulf  of  Mexico,  during  the  months  of  January, 
February,  March,  and  April,  1891,  is  herewith  respectfully  submitted 
for  publication. 

The  direction-current  meter  being  a  recent  invention,  a  joint  one  by 
Mr.  E.  S.  Bitchie,  of  compass  fame,  and  the  writer,  a  brief  description 
of  it  may  not  be  out  of  place  at  this  i>oiirt. 

DESCRIPTION  OF  MBTEE. 

As  its  name  implies,  it  is  an  instrument  for  determining  the  direction 
and  the  velocity  or  the  set  and  the  drift  of  a  current  of  running  water. 
It  records  these  electrically  on  registers  before  the  observer,  so  that 
when  once  in  the  water  it  only  needs  to  be  shifted  from  depth  to  depth 
at  which  information  is  required. 

Illustration  No.  13  gives  a  general  view  of  the  meter  as  it  appears 
ready  for  lowering  in  the  water,  together  with  its  direction  and 
its  velocity  register.  In  observing  a  current  it  is  suspended  in  the 
water  from  a  boat  at  anchor  by  a  single  cable,  the  core  of  which  is 
made  up  of  the  necessary  number  of  insulated  wires  forming  the 
oi)erating  circuits.  The  armor  or  covering  of  the  cable  furnishes  the 
necessary  tensile  strength  for  carrying  the  weight  of  the  meter  and  the 
strain  brought  by  the  friction  of  the  running  water  on  both  meter  and 
cable. 

The  velocity  wheel  is  of  the  propeller  or  screw  type,  conical  in  front 
to  constitute  a  self-clearing  prow  for  all  debris  moving  with  the  current. 
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Tlie  mass  lia^i  bcHMi  coiicentrati'd  as  rlo8i*ly  a.s  jmssible  t^>  its  axiM  of 
revolution,  tlius  making  its  moment  of  inertia  a  minimum.  The 
bearings  about  which  the  wheel  revolves  are  of  hirge  surface  and 
entirely  under  ('over.  It  is  impossible  for  grit  or  sand  to  work  into 
them.  The  electric  conue<;tion  or  the  '*make"  and  "break''  of  the 
circuit  for  transmitting  the  nundxT  of  revolutions  of  the  wheel  to  tlie 
counting  register  in  the  boat  is  pla<*ed  entirely  inside  the  meter,  where 
it  is  free  from  accident  ami  sure  of  contact. 

The  central  chamber  or  bo<ly  of  the  meter  is  a  compass,  whoso 
needle  is  free  to  assume  the  nmgnetic  meri<liau  at  all  times.  This 
chamber  is  tilled  with  oil,  giving  stability  to  and  i)reventing  rust  of 
the  needle  and  other  mechanism.  An  ex])ansion  bag  c(m)i>ensates  for 
changes  in  temperature  and  establishes  equilibrium  of  ])ressure 
between  the  inside  an<l  outside  of  the  chand)er  when  immersed.  By 
the  use  of  an  ele<',tric  circuit,  the  angle  to  the  nearest  degree*  l)etween 
the  direction  of  the  current  and  the  magnetic  needle  or  meridian  is 
transmitted  to  the  repeater  or  directi(»n  register  in  the  Iwat.  The  two 
observations  or  the  velocity  and  the  direetion  of  the  current  can  thus 
betaken  simult4ine<msly  and  repeated  at  will. 

The  main  principles  ki*pt  in  view  in  the  <lesign  and  construction  of 
the  ai)paratus  are:  (1)  That  it  should  otter  a  nunimum  of  interruption 
to  the  free  flow  of  water;  (2)  that  nothing  should  be  aUowed  in 
proximity  to  the  wheel  that  would  tend  to  create  an  e<ldy  or  whirl;  (3) 
that  it  should  be  extremely  sensitive  in  conforming  to  the  direction  of 
the  current,  both  horizontally  and  vertically;  (4)  that  the  current 
pressure  should  be  integral  and  not  differential  in  its  action  on  the 
meter  wheel  (the  i)ressure  surface  in  this  wheel  is  44  s<|uare  inches);  (5) 
that  the  bearings  of  the  whei*l  should  be  of  large  surface  and  so  pro- 
tected that  they  may  be  subject  to  a  minimum  of  change  in  form  by 
wear,  thus  maintaining  a  c<mstant  rttte;  (0)  that  it  shouhl  not  be  frail 
but  capable  of  withstanding  rough  treatment,  to  which  through  force 
of  circumstances  it  is  many  times  subjected. 

IIlSTOniCAL. 

The  outtit  for  making  the  observations  under  discussion  was  one 
designi'd  for  river  and  liarlx)r  currents  or  where  the  depth  of  water 
wouhl  not  be  likely  to  exceed  M)  fathoms.  It  was  taken  from  this 
class  of  work  and  idaced  on  board  the  Blake  for  trial  in  the  open  sea 
while  she  was  on  one  of  her  regular  cruises  in  conne<*tion  with  the 
Gulf  Streiim  investigation.  Harring  a  few  mishaps,  which  occurred 
mainly  to  the  lowering  cablr  an<l  which  could  be  prevented  in  future 
observations,  the  trial  was  entirely  satisfactory  and  sustained  the 
g(M>d  record  the  instrument  had  iireviously  made. 

The  Blake  arrived  on  the  working  ground,  a  cross  section  between 
Jupiter  Inlet,  Florida,  and  Memory  Rock  on  Little  liahama  Bank, 
January  S,   liSDl.     She   spent   the   remainder  of  the   month  in  this 
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locality,  waiting  mainly  for  good  weather  and  obtnining  only  iuter- 
i*upte<l  setH  of  observations  on  three  stations,  B',  B'%  and  B**  (see  illus- 
ti*atiou  No.  14).  The  wind  blew  nearly  a  gale  the  larger  part  of  the 
time,  keeping  up  such  a  sea  that  it  was  impossible  to  anchor.  In  the 
hope  of  finding  more  favorable  weather  in  the  Gulf  of  Mexico  the 
Blake  took  her  departure  for  that  locality  about  February  1,  spending 
the  rest  of  the  season  in  the  eastern  half.  Althongh  the  weather  con- 
ditions here  were  not  all  that  <M>uId  be  desired,  quite  a  number  of  cur- 
rent stations  were  occupied,  at  each  of  which  good  sets  of  observations 
were  obtained. 

For  nearly  half  a  century,  data  from  actual  observations  on  the  tides 
and  the  currents  of  the  (julf  of  Mexico  have  been  accumulating  in  the 
Survey,  and  from  time  to  time  they  have  been  discusse<l  and  results 
l)ublished.  A  careful  perusal  of  these  reports  reveals  in  nearly  every 
iustiince  that  a  satisfactory  solution  or  conclusion  could  not  be  reached 
from  the  data  in  haiul.  There  was  an  element  usually  atti-ibuted  to 
wind  and  atmospheric  i)ressure  of  which  they  had  no  measure.  With 
(mr  observations  of  last  winter  here  t-o  be  discussed  we  are  in  the  same 
condition;  we  lack  data,  but  what  we  have  shonhi  be  of  value,  for  it  is 
out  of  a  collection  of  sueh  information  that  eventually  must  come  a 
th(U'ough  knowledge  of  the  circulation  of  this  inland  sea. 

DISCUSSION   OF   OBSERVATIONS. 

On  the  small  chart  of  the  Clulf  of  Mexico  and  parts  of  adjacent 
waters  iujcompanying  this  report-  (illustration  No.  14)  are  plotted  the 
current  stiitions  occupied.  The  arrows,  with  their  figures,  indicate  the 
mean  velocity  in  knots  per  hour  and  the  direction  of  the  surface  current. 

Plotted  on  illustrations  Nos.  15  to  21,  in  which  time  is  taken  as  the  ab- 
scissa and  velocity  as  the  ordinate,  are  the  time-eurves  of  velocity  of 
stations  X%  Y«,  Y-',  Y*,  Z'  and  Z^%  V  and  V*  and  N^  and  NS  together 
with  the  phases  of  the  moon.  The  latter  being  represented  by  the 
usual  symbols,  its  <lecIination  north  or  south  by  its  ])ositipn  above  or 
below  the  line  of  origin  of  ordinates,  and  its  upper  or  lower  transit  by 
the  subscript  u  or  /.* 

A  careful  study  of  all  these  time-curveiii  of  velocity  reveals  only  in  a 
few  instances  anything  resembling  a  tidal  flow.  It  is  difficult,  if  not 
impdssible,  to  ])ick  out  any  recurring  ])henom(^non  that  we  can  say 
belcmgs  to  the  nuMm's  transit  or  declinati(»n.  It  may  be,  however,  and 
])robably  is  the  case,  that  we  have  no  series  of  observations  long 
enough,  about  twenty-six  hours  being  the  greatest  at  any  (me  time  on 
a  station,  to  umke  any  predictions  or  draw  any  conclusions,  for  during 
that  time  the  winds  and  baronietric  gradients  might  have  been  8U(*h  as 
to  entirely  overbalance  normal  conditions. 


'These  HtatiouH  being  cliaracteristic  of  the  whole  ^oup  occupied,  the  othenj  are 
puiposely  omitted. 


3 4fi  U.  f^.  COAST  AND  GKODETK^  SUkVEY. 

• 

Tli<».  tiile  of  the  (liilf  of  Mexiro,  an  iiitc»rfonMH!0  on«  of  three  waveR, 
that  of  the  Gulf  itsrlf,  that  of  the  Caribbean  Sea,  anil  that  of  the  At- 
lantic by  the  two  entrances,  theC'hannel  of  Yu(*atan  and  Straits  of 
Florida,  is  not  well  und<M'st<N)d,  and  we  can  Inirdly  say  that  we  know 
what  shouhl  be  exi»e(*tcd.  A  pflance  at  illustration  No.  14  will  surely 
convince  the  most  skeptical  that  all  the  currents  there  shown  eonld  not 
be  purely  tidal  or  all  taking  place  at  the  same  time.  To  clear  up  this 
seeming  mass  of  contradictions,  the  most  logical  method  of  procedure 
se<nns  to  be  to  cA>n8ider  all  of  those  stations  m'cupied  in  any  one  tri]i 
of  the  vessel  at  sea  iis  a  series  by  themselves,  studying  them  iu  iM>n- 
nection  ^vith  the  mete4U*oIo{ji:ical  conditions  prevailin*^  over  the  Gulf  at 
the  time.  Acctordin^ly,  U)  ^et  our  data  before  us  for  ready  reference 
and  a  guide,  Tables  1  and  11  have  beini  ccuupiled.  In  Table  I  will  l>e 
found  the  date;  the  name  of  the  current  station  with  its  latitude,  hmgi- 
tudcy  and  depth;  the  nu*an  velocity  and  the  direction  of  the  suiiace 
(current;  the  direction  and  velocity  of  the  wind  and  the  uhiou's  phases. 
In  Table  IF  will  be  found  for  the  period  of  observations  in  the  Gulf  of 
Mexico  the  direction  and  the  velocity  of  the  wind  and  the  reading  of 
the  barometer  at  Brownsville,  Corpus  Ohristi,  and  Galveston,  Tex.; 
New  Orleans,  La.;  Mobile,  Ala.;  lVnsiUM)la,  Tiunpa,  and  Key  West, 
Fla.;  data  kindly  furnishe<l  us  by  Prof.  Harrington,  Chief  of  the 
Weather  Bureau,  from  their  weather  stations  ])ordering  the  Gulf,  to- 
gether with  similar  observations  uuide  aboard  the  vessel  at  the  cur- 
rent stations.  Prof.  Harringt<m  has  also  kindly  furnished  us  a 
complete  file  of  the  morning  and  evening  weather  ma])  for  Washing- 
ton, D.  C,  that  has  aided  nmterially  in  the  discussion,  giving  at  a 
glance  a  much  better  idcii  of  the  atmospheric  circulation  over  the  Gulf 
than  can  be  obtained  from  the  tabulated  datii.  These,  it  is  to  be  re- 
gretted, are  too  bulky  to  be  here  reprodu(;ed. 

Before  entering  upon  the  discussion  of  the  observations,  it  seems  ail- 
visable  to  <.*all  atti»iition  t4>  a  few  iM>ints,  that  we  may  thoroughly  a[>pre- 
ciatt*  all  the  conditions.  The  Gulf  on  the  twenty-tifth  parallel  is  alnuit 
90<)  nauticai  miles  hmg,  and  on  the  eighty-ninth  meridian,  or  between 
the  Mississi])pi  Delta  and  the  Peninsula  of  Yu<'atan,  about  45t)  nau- 
tical miles  wide,  and  has  an  average  depth  of  S(»t)  fathoms.  From  sta- 
tion N',  nearly  central  in  our  group,  it  is  about  7t)0  nautical  miles  to 
Tampic4),  Mexico,  GOO  to  Corpus  Christi,  300  to  Pensacola,  200  to 
Tampa,  and  230  to  Key  West.  These  distances,  it  will  be  seen,  are 
great  enough  to  ]»ermit  of  very  ditferent  atmospheric*  conditions  in 
difterent  parts  of  the  Gulf,  causing  what  we  might  call  local  disturb- 
ances, or  the  atmospheric  gradients  might  be  so  marked  as  to  involve 
the  whole  Gulf  area.  It  is  only  the  latter  that  can  be  at  all  considennl 
here,  and  that  imperfectly,  as  our  data  come  from  one  sith*  of  the 
Gulf  onlv. 

Unequal  atmospheric  pressure  and  wind  over  any  areii are  cause  and 
effect,  the  greater  the  inequality  of  pressure  the  stronger  the  wind. 
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Over  a  water  Riirface  iineqaal  atmospheric  pressure  and  wiud  both 
heroine  causes,  acting  generally  at  an  angle  witli  each  other  t^)  pro- 
duce a  current.  The  former  is  the  equivalent  of  a  head  to  be  spent  as 
a  gravity  force  in  the  direction  of  the  trend  of  the  barometric;  gradient, 
while  tlie  latter  acts  by  filction  on  the  surface  to  produce  a  current  in 
its  direction.  There  is  little  or  no  information  extant  as  to  the  current 
that  any  known  velocity  of  wind  ami  barometric  gnulient  will  produce, 
uoi'  is  there  a  definite  enough  relation  between  direction  of  wind  and 
trc^nd  of  barometric  grjMlient  to  permit  of  making  more  than  the  gen- 
eral statement  that  the  current  should  be  in  the  direction  of  the  result- 
ant of  the  two  forces. 

In  the  following  but  little  stress  is  laid  on  winds  of  less  velocity  than 
10  miles  per  hour,  unless  blowing  steadily  from  one  direction  for  sev- 
eral days,  or  upon  barometric  giadients  undei*  three  or  four  t>eiiths  of 
an  inch  in  as  many  hundred  miles. 

V^ery  fre<iuently  we  see  winds  ahing  our  coast  that  raise  the  u\ean- 
sea  level  for  a  time  a  foot  or  more.  A  rise  of  one  foot  in  the  Gulf  area 
north  of  the  twenty-eighth  panillel  of  latitude  means  enough  water  to 
maiirtain  the  Mississii)pi  River  discharging  at  its  flood  (capacity  of 
about  two  million  cubic  feet  per  second  at  its  mouths  for  over  seventeen 
days  of  twenty-four  hours  each.  This  will  convey  some  idea  of  the 
quantity  of  water  that  may  accumulate  in  any  part  of  the  Gulf  under 
forces  from  a  certain  dii'ection,  and  the  curient  that  wcmld  be  created 
when  such  an  accumulation  was  left  to  obey  gravity  or  to  such  forces 
as  accumulated  it  when  coming  from  other  directions. 
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Table  II. — Obserrationit  of  currents  in  the  Oulf  of  Mexico, — 

Meteorologi^sal  data. 


Date, 
1891. 

At  Current  Station. 

] 

Wind,  dire 
velocity 
per  hour 

Brownsville, 

Tex. 

Wind,  direction,  and  ve- 
locity  (in   miles  per 
hour). 

Barometer 
(aneroid). 

iction,  and 
(in    miles 

Barometer  re- 
duced to  sea. 

8  a. 

m. 

8  p.  m. 

8  a.  m. 

8  p.  m. 

8  a. 

m. 

8  p. 

m. 

8  a.m. 

8  p.m. 

Feb. 

I 

N. 

7 

NE. 

8 

30046 

30-052 

2 

SE. 

3 

S. 

12 

29999 

29904 

3 

S. 

10 

N. 

16 

926 

30*208 

4 

NE.byN 

.11 

30 '3 

NW. 

12 

N.    • 

10 

30*382 

•298 

5 

NE. 

14     ENE. 

1 

9 

3017 

30- '3 

0 

S. 

9 

•172 

•003 

6 

SE. 

4 

29-98 

S. 

II 

s. 

'9 

29*917 

29*723 

7 

SE. 

9 

SE. 

9 

2993 

2993 

SE. 

2 

E. 

7 

29*786 

737 

8 

SE. 

II 

SE. 

'5 

2993 

30-02 

S. 

10 

S. 

9 

747 

720 

9 

SE. 

14 

3006 

0 

N. 

16 

•850 

30-227 

10 

SE. 

9 

SW. 

I 

30*12 

30- '4 

N. 

12 

0 

3037' 

-214 

II 

E. 

9 

3016 

0 

E. 

6 

•070 

29-931 

12 

SE. 

14 

ESE. 

2 

30- '4 

30-10 

S. 

4 

NW. 

3 

29*901 

•939 

"3 

N. 

10 

NW. 

3 

30-043 

30159 

14 

N. 

5 

N. 

■ 

6 

151 

•079 

«5 

NW. 

4 

E. 

4 

•086 

30*000 

16 

S. 

6 

SE. 

9 

29963 

29868 

17 

s. 

9 

SE. 

6 

29899 

870 

18 

s. 

10 

S. 

9 

•893 

844 

'9 

s. 

18 

S. 

16 

•843 

754 

20 

s. 

6 

NE. 

'4 

737 

•803 

21 

N. 

12 

NE. 

10 

•93 « 

30*061 

22 

w. 

7 

E. 

7 

30* '53 

004 

23 

ENE. 

9 

E.  by  N. 

9 

3006 

3007 

s. 

10 

S. 

18 

29*987 

29*901 

24 

ESE. 

4 

29*98 

s. 

20 

s. 

20 

•861 

704 

25 

SE. 

II 

SW. 

II 

29-92 

29*82 

NE. 

12 

E. 

7 

828 

819 

26 

W. 

13 

NE. 

7 

30292 

30-39' 

27 

E. 

7 

s. 

'3 

•203 

114 

28 

• 

S. 

8 

SE. 

9 

•IS6 

•217 

Mar. 

I 

s. 

7 

SE. 

9 

•198 

-124 

2 

s. 

10 

S. 

21 

•095 

29926 

3 

s. 

29 

S. 

4 

29846 

874 

4 

N. 

12 

N. 

6 

30*01 1 

•949 

5 

NW. 

4 

SE. 

5 

29-846 

741 

6 

SE. 

9 

SE. 

9 

3002 

29*95 

S. 

16 

SE. 

6 

•701 

•535 

7 

S. 

12 

E. 

5 

•570 

•52s 

350 


U.  S.  COAST  AND  GEODKTIC  SURVEY. 


Table  IL — Observations  of  eur rents  in  the  Gulf  of  Me^vico.- 

Meteorological  data — Continue<l. 


Date, 

At  Current  Station. 

Brownsville,  Tex. 

Winfi,  direction,  and 

▼e- 

Harometer 

Wind, 

1 

direction, 

and 

■  1 

Barometer  re 

1891. 
Mar. 

locity    (m 
hour). 

miles 

per 

(aneroid). 

velocity   (in    miies 
per  hour). 

duced  to  sea. 

8  a.m. 

8  p.  m. 

8  a.m. 

8  p.  m. 

8  a.  in. 

8  p. 

m. 

8  a.m. 

8  p.  m. 

8 

NE. 

16 

NE. 

5 

30003 

30109 

9 

N. 

10 

SE. 

3 

•347 

•307 

10 

0 

SE. 

3 

•204 

•056 

II 

SSE. 

15 

30-01 

SE. 

7 

SE. 

8 

29933 

29870 

12 

S.  by  E.  15 

3000 

E. 

I 

N. 

16 

•888 

•980 

13 

N. 

12 

N. 

12 

30-320 

30-294 

14 

NW'. 

7 

E. 

3 

'I>K\ 

•211 

»5 

E. 

16 

N. 

15 

•063 

-031 

16 

N. 

10 

N. 

8 

•246 

•179 

'7 

N. 

4 

SE. 

6 

•064    29-864 

18 

S. 

4 

SE. 

6 

29860         873 

19 

0 

30-04     X. 

20 

\. 

12 

30013    30-081 

20 

SW.           2 

E. 

7 

3004 

3004  ,  X. 

6 

SK. 

4 

30'C'37 

29-944 

21 

SW.          9 

W. 

II 

2995 

29-92 

s. 

3 

E. 

6 

29  086 

30<'3» 

22 

NNE.      II 

NNW. 

2 

29-92 

2994 

E. 

I 

SE. 

12 

•943 

29859 

23 

N.  liy  E.  4 

29-91 

SW\ 

10 

SE. 

7 

•702 

-692 

24 

s?:. 

9 

E. 

9 

•714 

•793 

25 

N. 

12 

N. 

12 

•899 

•986 

26 

N. 

6 

SE. 

7 

30-127 

30.028 

27 

S. 

7 

S. 

10 

•044 

29-917 

28 

S. 

10 

S. 

13 

29'^33 

29-802 

29 

S. 

17 

S. 

9 

•7«0 

•691 

30 

S. 

5 

S. 

10 

•745 

•68S 

3» 

S.              4 

SW. 

I 

2998 

2998 

NE. 

>5 

E. 

10 

•924 

-859 

Apr. 

I   1  S.               4 

S. 

9 

20-95 

2997 

SW. 

4 

E. 

10 

•837 

-891 

2  1  SSW.       IS 

1                                           *• 

NW^ 

4 

29.93 

29-97 

N. 

24 

N. 

15 

30-161 

30209 

3  1  NNW.     14 

2998 

N. 

9 

NE. 

9 

•294 

•221 

4 

N. 

9 

30- 1 1 

N. 

6 

E. 

6 

30395 

•263 

5 

NNW.      4 

NW. 

17 

y>'H 

3017 

NE. 

6 

E. 

5 

•397 

•397 

6 

NE. 

« 
4 

30-28 

SE. 

7    S. 

13 

•334 

•123 

7 

ENE.        I 

SE. 

9 

3026 

30- 20  1  s. 

10 :  s. 

15 

•044 

29-959 

8 

SE.           9 

ESE. 

II 

30-16 

30-14  1  s. 

13 

S. 

IS 

20931 

-871 

9 

E.            II 

9 

3005 

S. 

12 

SE. 

7 

•920 

•972 

10 

s. 

5 

E. 

9 

•958 

30-028 
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Table  II. — OhHervations  of  currents  in  the  Gulf  of  Mexico. — 

Meteoroi'Ogical  f^ato— cJontinued. 


Date, 
1891. 

Feir. 

Corpus  Christi 

,  Tex. 

Galveston, 

Tex. 

Wind,  direction,  anc 
locity   (in   miles 
hour). 

ve- 
per 

n. 

Barometer  re- 
duced to  sea. 

Wind,  dir 
velocity 
per  hour 

ection,  and 
(in    miles 

S  p.  m. 

Barometer  re- 
duced to  sea. 

8  a. 

m. 

8p.r 

8  a.  m. 

8  p.  m. 

8  a.] 

m. 

8  a.  m. 

8  p.  m. 

1 

1 

I 

NE. 

6 

E. 

16 

30086 

30-087 

0 

SE. 

3 

30099 

30120 

2 

E. 

6 

SE. 

12 

•019 

29*908 

E. 

12 

S. 

10 

•067 

29-936 

3 

NE. 

8 

N. 

22 

29-987 

30267 

NW. 

I 

N. 

28 

-004 

30-2 1 8 

4 

N. 

12 

NE. 

18 

3043' 

•335 

NE. 

20 

E. 

8 

-404 

-361 

5 

NE. 

9 

NE. 

5 

•201 

•008    SE. 

8 

SE. 

12 

•242 

-079 

6 

SE. 

6 

S. 

'5 

29897 

29737 

S. 

8 

SW. 

9 

29947 

29785 

7 

0 

s. 

6 

•794 

749 

SW. 

7 

SE. 

5 

•807 

772 

8 

S. 

9 

E. 

10 

742 

759 :  ^S. 

13 

SE. 

10 

•803 

-827 

9 

N. 

26 

NW. 

17 

•999 

30278:  NW. 

24 

NW. 

28 

•956 

30-219 

10 

N. 

12 

N. 

4 

30392 

-278  1  NE. 

1 

24 

0 

30341 

-221 

II 

N. 

6 

N. 

4 

•105 

29952     SE. 

2 

0 

•154 

•024 

12 

S. 

2 

NW. 

9 

29935 

•967  '  S. 

>3 

NW'. 

12 

29952    29984 

>3 

NW. 

12 

N. 

7 

30107 

30156.  NW. 

12 

NE. 

12 

30059;  30132 

14 

N\V. 

10 

NW. 

10 

•179 

•100 

NE. 

16 

N. 

24 

•150!        oiS 

15  :  N\V. 

1 

9 

SE. 

9 

•062 

29-991 

NW. 

9 

0 

29970         008 

16  1  S. 

9 

SE. 

18 

29964 

•861 

S. 

4 

S. 

9 

•9S9    29-909 

17  1  s. 

13 

SE. 

'3 

•899 

•865 

s. 

8 

SW. 

6 

-949        -921 

18 

S. 

12 

SE. 

21 

•913 

•891 

s. 

3 

SE. 

12 

•998        -96X 

19     SK. 

»5 

SK. 

21 

•884 

•769 

SE. 

14 

SE. 

13 

-979        -884 

20  .  SE. 

>3 

N. 

12 

•728 

•811     SE. 

12 

NE. 

6 

•839         802 

21  ;  N. 

9 

N. 

7 

30007 

30076 

Nw^ 

16 

N. 

12 

1 
■930  !    30077 

22 

E. 

18 

SE. 

»9 

■>35 

■035 

E. 

16 

SE. 

14 

301531            102 

23 

SE. 

6 

SE. 

24 

29987 

29883 

SE. 

9 

SE. 

8 

•023!    29946 

24 

S. 

17 

SE. 

24 

•849 

•701 

S. 

12 

SE. 

10 

29-907 

•782 

25 

N. 

12 

NW. 

24 

•873 

•807  '  W. 

6 

NW. 

10 

-827 

•804 

26 

N. 

16 

NE. 

8 

30379 

30398 .  NW. 

36 

N. 

18 

30288 

30-378 

27 

SE. 

10 

SE. 

19 

•312 

-104 

S. 

11 

s. 

13 

•349 

•170 

28     S. 

Mar   ' 

3 

SE. 

5 

•189 

•231 

sw\ 

8 

w. 

6 

•208 

•253 

1     sw. 

4 

SE. 

19 

•218 

•114 

NE. 

3 

s. 

9 

•258 

•163 

2  i  S. 

6 

SE. 

29 

•089 

29898     S. 

10 

s. 

12 

•118 

29976 

3      S. 

5 

N. 

24 

29862 

30009  i  SW. 

9 

NW. 

22 

29-919 

30009 

4 

N. 

>3 

N. 

'3 

30097 

29979 

NE. 

24 

NE. 

22 

30094 

-009 

5 

N. 

8 

E.* 

6 

29866 

-769 

E. 

7 

S. 

12 

29862 

29757 

6 

NE. 

6 

E. 

12 

•748 

•660 

S. 

4 

s. 

12 

•810 

745 

7 

SE. 

10 

N. 

30 

•577 

•698 

S. 

12 

NW. 

26 

-630 

•677 
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Table  11. — OhHcrrations  of  currents  in  the  Gulf  of  ^fexico.• 

MeteoroUtgival  (/a <«— continued. 


Date, 
1891. 

• 

Corpus  Christii 

Tex. 

Wind, 
velf 
per 

8  a. 

Galveston, ' 

Tex. 

Itamme 
duccd  1 

Wind,  direction,  and 
locity   (in    miles 
hour). 

ve-  i 

Barometer  re-  1 
duced  to  sea. 

,  direction,  and 
)city    (in    miles 
hour).                   \ 

1 

1 

tcr  re- 
to  sea. 

8  a.  m. 

8p.  ] 

1 
8  a.  m.    8  p.  m. 

1 

1 

m. 

8  p. 

1 
m. 

8  a.  m.    8  p.  m. 

1 

1 

1 
I 

Mar. 

8 

NW.      18 

N. 

14 

30040    30153 

N. 

26     NW. 

1 

20     29935     30089 

9 

N.           4 

SE. 

10 

•390        306 ;  NW. 

12 

S. 

6  :  30327       'y>o 

10 

W.           7 

SE. 

10 

•232        '075     SE. 

10 

SE. 

16        -305         138 

II 

^"^^        3 

SE. 

13 

29-957     29901     S. 

6 

SE. 

8 

*oo5    29-910 

12 

NE.        18 

N. 

23 

•922    30- 1 35  !  E. 

1 

II 

N. 

28 

29952    30036 

1 

U 

NW.      13 

N. 

10 

30369 

■353 ;  N. 

24     N. 

12  ;  30304       'i\^ 

14 

N.        *I3 

E. 

25 

•390 

•282    E. 

16  i  E. 

13         428        368 

15 

E.          24 

N. 

24 

•'45 

•146     NE. 

18     NE. 

22         -iiz  \      -203 1 

16 

N.           8 

SE. 

9 

■293 

•178     N. 

16     NE. 

3  :      -232,       155 

17 

0 

E. 

8 

•082    29-875     NE. 

3 

SE. 

4  i       0961  29*913 

18 

SE.          2 

SE. 

7 

29887 

1 

•896     S. 

4 

S. 

:                      j 

12     29-9121       888 

19 

N.          36 

N. 

5 

301 17 

30103     N. 

18     N. 

6     30*115-  30067 

20 

N.            4 

E. 

9 

•052 

29936 ;  N. 

4!  s. 

6 

•081 ;  29-966 

21 

N.          II 

.  SE. 

1 

5 

•064 

30028 

W. 

8  ;  NW. 

2 

*oi4        -996 

22 

S.             4 

E. 

30 

29952 

29841 

NW. 

4 

SE. 

14 

•006 

•889 

23 

NE.       24 

E. 

12 

•818        735 

N. 

4 

E. 

12 

29882 

812 

24 

SE.          9 

SE. 

9 

•754 .       830 

SE. 

12 

SE. 

«3 

•837  j     834  • 

25 

N.          23 

N. 

12 

•982 .  30026 

N. 

23 

N. 

13 

985 '     978 

26 

NW.       10 

NW. 

4 

30163'       on 

N. 

16 

N. 

20 

30055  30001 

27 

° 

SE. 

'7 

•078 

29*909 

NW. 

1 

4 

S. 

12 

•095   29957 

28 

SE.          9 

SE. 

19 

29*911 

•818    S. 

12 

S. 

12 

299"  1       "9341 

29 

SE.         15 

SE. 

16 

•794 

•747    SE. 

«3 

SE. 

14 

*867 

•823 

30 

SE.          7 

SE. 

6 

•760 

•7^6  •  SE. 

13 

S. 

12  ;       -817 

•732 

3' 

N.          12 

E. 

24 

■974 

•878 

NE. 

12 

SE. 

12  1        967 

*90i 

Apr. 

I 

E.            6 

E. 

6 

•861 

•900 

E. 

II 

E. 

5  !       879 !       884 

2 

N.          23 

NW. 

5 

30228 

30*259 

N. 

24 

NW. 

9     30-166    30-181 

3 

NW.        9 

SE 

5 

•341 

•233 ;  N. 

24 

N. 

18          302 

197 

4 

NE.        19 

SE. 

9 

•354 

•330;  N. 

22 

N. 

12          371 

•290 

5 

NE.         6 

SE. 

12 

479 

•380!  NE. 

'4 

SW. 

9         -443 

1 

•348 

6 

SW.         6 

SE. 

24 

i^l 

•127  ,  SW. 

3 

S. 

19 

•379 

•194 

7 

S.           10 

SE. 

24 

•049 

29930    S. 

9 

S. 

12 

*ii7    30-000 

8 

S.           II 

SE. 

18 

29954 

918  j  S. 

8 

SE. 

20 

•023        -ooi 

9 

SE.        12 

SE. 

8 

•966 

•998 

SE. 

8 

SE. 

12 

•054  ;           039 

10 

SE.          3 

SE. 

10 

30090 

30059 

S. 

I 

S. 

9        -no        090 

1 
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Table  II. — Observations  of  cvrrenU  in  the  Qulf  of  Mea:ix;o. — 

Meteorological  flfato^-Continaed. 


Date, 
1891. 

f 

New  Orleans, 

La. 

Mobile,  Ala. 

Wind,  direction,  and  ve- 
locity  (in  miles    per 
hour). 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity   (in    miles 
per  hour). 

Barometer   re- 
duced to  sea. 

8  a. 

m. 

8  p. 

m. 

8  a.  m. 

8  p.  m. 

< 
8  a.m. 

8  p. 

m. 

8  a.  m. 

8  p.  m. 

Feb. 

I 

NW. 

9 

N. 

4 

30*060 

30*  131 

S. 

10 

N. 

3 

30-038 

30149 

2 

E. 

8 

S. 

9 

•no 

*026 

N. 

4 

S. 

10 

•167 

•071 

3 

S. 

10 

NE. 

12 

29-980 

*I26 

SW. 

II 

N. 

IS 

29.990 

•099 

4 

NE. 

20 

NE. 

10 

30390 

•373 

N. 

20 

N. 

9 

30384 

•380 

5 

NE. 

3 

SE. 

8 

•317 

•182 

NE.. 

6 

SE. 

14 

•385 

•239 

6 

SE. 

8 

S. 

10 

•018, 

29*851 

N. 

4 

S. 

12 

-090 

29*862 

7 

SW. 

9 

S.     • 

10 

29*820 

•839 

W. 

8 

0 

29-832 

-860 

8 

s. 

6 

s. 

10 

•918 

•946 

s. 

6 

S. 

12 

952 

•990 

9 

s. 

16 

s. 

15 

•951 

•994 

s. 

12 

S. 

12 

.992 

30-010 

10 

N. 

18 

NE. 

5 

30-207 

30*207 

N. 

20 

N. 

12 

30187 

194 

II 

NE. 

10 

E. 

9 

•189 

•116 

N. 

5 

N.  . 

3 

•213 

•134 

12 

SE. 

.    12 

S. 

12 

•052 

•010 

S. 

8 

^^ 

6 

•089 

•050 

'3 

E. 

6 

NE. 

9 

•056 

•131 

0 

N. 

4 

•075 

•131 

M 

NE. 

14 

NE. 

16 

•164 

•138 

N. 

12 

NE. 

II 

*2l6 

•186 

IS 

SE. 

24 

SE. 

8 

•065 

•065 

SE. 

II 

SE. 

20 

•191 

•083 

16 

S. 

4 

SW. 

5 

•009 

29-975 

S. 

II 

S. 

10 

•044 

29985 

17 

s. 

5 

SW. 

5 

-001 

•978 

NW. 

4 

S. 

9 

*040 

-982 

18 

s. 

6 

SE. 

8 

-087 

30-085 

S. 

6 

s. 

8 

*ioi 

30*116 

19 

SE. 

9 

SE. 

12 

•105 

•033 

SE. 

6 

SE. 

9 

149 

•097 

20 

SE. 

14 

s. 

20 

29939 

29824 

SE. 

12 

s. 

15 

•010 

29-867 

21 

N. 

I 

NE. 

22 

-824 

30024 

SW. 

6 

N. 

16 

29862 

29981 

22 

NE. 

13 

E. 

4 

30219 

•183 

N. 

8 

N. 

7 

30-210 

30-170 

23     NE. 

8 

SE. 

IS 

•13L 

•069 

E. 

5 

SE. 

4 

•168 

•088 

24 

SE. 

10 

S. 

II 

•022 

29898 

SE. 

6 

S. 

15 

-060 

29915 

25 

SW. 

9 

s. 

9 

29S10 

-677 

S. 

5 

SW. 

12 

29-838 

•662 

26 

w. 

20 

NW. 

19 

•961 

30-285 

NW. 

12 

NW. 

12 

•853 

30*227 

27      NE. 

12 

SK. 

S 

3^-433 

•325 

NE. 

8 

s. 

7 

30433 

•346 

28      SE. 
Mar. 

I      NE. 

12 

SW. 

II 

•286 

•215 

E. 

7 

s. 

12 

•355 

.214 

4 

SW. 

12 

•278 

-204 

N. 

8 

NE. 

2 

-289 

•211 

2      S. 

5 

s. 

12 

-204 

•077 

S. 

4 

S. 

15 

•215 

•078 

3 

S. 

7 

s. 

10 

29-986 

29-969 

S. 

12 

S. 

6 

29993 

29*965 

4 

NE. 

16 

NE. 

12 

30097 

30-103 

N. 

15 

NE. 

4 

3013s 

301 14 

5 

E. 

10 

s. 

19 

'024 

29*894 

E. 

6 

SE. 

7 

•085 

29-970 

6 

S. 

8 

SE. 

9 

29*910 

•850 

S. 

10 

E. 

8 

29-925 

'921 

7 

SE. 

19 

s. 

22 

770 

•673 

S. 

14 

S. 

IS 

•864 

•758 

H.  Ex.  43,  pt.  2—23 
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Table  11. — OhnnvaUom  of  currents  in  ilie  Gulf  of  Mexico,- 

Meteoro  logiva  I  da  ta — (?oii  tin  nod . 


Date. 

New  Orleans, 

La. 

M.)b 
action, 

ile,  Ala. 

Wind, 

• 

direction,  anc 

Ive- 

liaronicter  re- 

Wind, 

1 

din 

and 

•  t 

liarometcr  re- 

1891. 

locil 
hou 

tv    (m   miles 

per 

in. 

duced  to  sea. 

velociiy    (in    nines 
per  hour). 

duced  to  sea. 

8  a. 

m. 

8  p. 

8  a.  m. 

8  p.  m. 

8  a.  m. 

8  p. 

m. 

S  a.  m. 

.  _ 

8  p.  m. 

Mar. 

8 

NW. 

16  .  W. 

12 

29748 

29-929 

S. 

12 

N. 

9 

29723 

29-826 

9 

NW. 

18  .  N. 

12 

30231 

30-3QU 

NW. 

12      NW. 

II 

30140    30284 

10 

NE. 

12      E. 

5  1 

•3S4 

•252 

NE. 

12      SE. 

5 

-412         -270 

II 

NE. 

0  :  NE. 

12  ; 

•131 

29-961 

NIv 

5  ;  NE. 

8 

•17S 

29961 

12 

N. 

4     SE. 

4 

29973 

•915 

N. 

7 

s. 

II 

29-976 

•900 

13 

NW. 

22  ,  N. 

1 

12 

3^145 

30242 

N. 

20     N. 

8 

30076 

30-189 

14 

N. 

12  j  N. 

7  ■ 

•424 

•3«i 

NW. 

6 

n: 

8 

-382 

•390 

15 

NE. 

8      NE. 

12 

•420 

•291 

N  E. 

II      SW. 

4 

•425 

•332 

16 

NK. 

26  1   NE. 

13 

•115 

•io<; 

N. 

8      N. 

II 

•258 

•100 

17 

NE. 

0      K 

6 

■080 

29-931 

N. 

10      SW. 

5 

•071 

29942 

18 

0     SE. 

7 

29972 

■924 

NE. 

2    s. 

6 

^9-960 

•922 

19 

SW. 

5     :    NW» 

7 

30017 

30004 

SW. 

8     S. 

8 

3«-024 

-991 

20 

NE. 

8 

SE. 

8 

•115 

29998 

N. 

6  j  S. 

8 

•102        -992 

21 

W. 

5 

NW. 

>5 

29-971 

•892 

NW. 

6 

NW. 

5 

2Q-910J       -831 

22 

N. 

6     N. 

2 

30010 

•955 

NW. 

10 

0 

•973 

•904 

23 

NE. 

6     NE. 

7 

29-935 

•907 

0 

SW. 

10 

•953 

-914 

24 

SE. 

7 

E. 

8 

•959,      •9>3 

NE. 

3  '  S. 

7 

930 

•933 

25 

SE. 

6 

SE. 

8 

•932 

•852 

SK. 

S  ;  SE. 

20 

•«)68 

•937 

26 

W. 

10 

W. 

12 

•882 

•S59 

SW. 

4 

SW. 

10 

•801 

•7X3 

27 

W. 

8     W. 

8 

300^3 

'911 

NW. 

»5 

NW. 

4 

-968 

-879 

28 

\  w. 

4     S. 

12 

29992 

•93^» 

NE. 

6 

s. 

8 

-996 

•951 

29 

'  s. 

4 

SK. 

10 

3^013 

•Q82 

E. 

2 

s. 

7 

30053  j  30 033 

30 

s. 

17      S. 

12 

29943 !      "826 

SE. 

S  '  S. 

6 

•012  1  29-862 

3> 

NW. 

20 

E. 

2 

•940:       931 

NW. 

10     NW. 

5 

29-862'      «9i7 

Apr. 

I 

K. 

6     N. 

7 

i      '951        '^27 

N  E. 

2    si:. 

12 

•()6S        -^72 

2 

NW. 

II  1  mv. 

1 

20 

•957  i  3f>049 

NW. 

6      NW. 

12 

•897 

30-003 

3 

N. 

12  1  NW. 

II 

30-198  1          •0<)2 

NW. 

9     NW. 

8 

30-124 

•042 

4 

NE. 

12 

N. 

8 

•278            -244 

NW. 

12  ;  N. 

II 

•240 ;       243 

5 

NE. 

8 

NW. 

16 

•374            -308 

NW. 

9 

N. 

9 

•355 

•285 

6 

SE. 

5 

S. 

12 

.•407  1           240 

w. 

2 

s. 

I 

8 

390 

■237 

7 

SE. 

5 

S. 

14 

•196 

•088 

SW. 

4     S. 

7 

•235 

•132 

8 

S. 

6 

s. 

10 

•  1 34  '       -1 26 

s. 

3  !  J>. 

9 

-170!      -166 

9 

SE. 

12  !  SE. 

10 

■144        '^3^ 

SE. 

5 

s. 

8 

-212 

•196 

10 

SE. 

1 

t 

10     SW. 

2 

•132          124 

!                   1 

SE. 

8 

s. 

8 

•177 

*I40 
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Table  II. — Observations  of  currents  in  the  Oulf  of  Mexico. — 

Meteorological  data — Continued. 


Date, 
1891. 

Pcnsacola,  Fla. 

Tampa,  Fla. 

• 

Wind,  direction,  and 
locity   (in   miles 
hour). 

Ive- 
jier 

Barometer  re- 
duced to  sea. 

• 

Wind,  direction,. jind 
velocity   (in    miles 
per  hour). 

]$arometer  re- 
daced  to  sea. 

8  a.  m. 

8  p.  m. 

8  a.m. 

8  p.  m. 

8  a. 

m. 

8  p. 

m. 

8  a.  m. 

8  p.  m. 

Feb. 

I 

SW.         8 

N. 

9 

30043 

30136 

SE. 

4 

W. 

6 

30184 

30- '94 

2 

E.         ,  7 

S. 

10 

•147 

•077 

NE. 

I 

W. 

2 

•237 

•173 

3 

SW.         6 

N. 

II 

•012 

•07s 

SE. 

4 

SW. 

4 

•122 

•085 

4 

N.          19 

NE. 

9 

•335 

•381 

NW. 

II 

N. 

10 

•187 

•278 

5 

NE.       16 

NE. 

9 

•368 

•233 

NE. 

10 

NE. 

4 

•327 

'242 

6 

E.            8 

S. 

8 

•077 

29888 

N. 

I 

W. 

I 

•159 

•023 

7 

SW.       19 

SW. 

10 

29839 

-866 

SE. 

I 

SW. 

3 

29-992 

•015 

8 

SW.         5 

SE. 

9 

•96a 

30014 

SE. 

3 

0 

30073 

•112 

9 

S.             9 

S. 

9 

30-027 

•031 

SE. 

2 

SW. 

3 

•171 

•149 

10 

N.          16 

N. 

14 

•132 

•190 

S. 

7 

SW. 

3 

•182 

•156 

II 

NE.       14 

SE. 

8 

•198 

•148 

SW. 

2 

w. 

6 

•192 

•176 

12 

S.           II 

SE. 

9 

•112 

•076 

SE. 

4 

w. 

I 

•210 

•150 

13 

NE.         7 

NE. 

II 

•057 

•122 

E. 

3 

w. 

6 

•148 

•135 

14 

NE.       12 

E. 

>5 

•197 

•204 

NE. 

4 

NE. 

12 

•219 

-209 

>5 

E.           21 

SE. 

16 

•193 

•130 

E. 

10 

E. 

10 

•251 

•235 

16 

SE.          7 

SW. 

14 

•    066 

29-998 

SE. 

II 

SW. 

6 

•220 

•138 

17 

0 

SW. 

7 

•030 

•994 

S. 

6 

SW. 

2 

•155 

122 

18 

SW.         4 

sf:. 

6 

•109 

30138 

E. 

2 

W. 

6 

•192 

•180 

'9 

SE.          9 

SE. 

10 

•174 

•104 

SE. 

I 

E. 

4 

•249 

•166 

20 

SE.        21 

s. 

14 

■036 

29889 

E. 

4 

SW. 

5 

•158 

•041 

21 

N.            0 

N. 

12 

29-847 

•938 

SE. 

II 

SW. 

I 

29968 

29-963 

22 

N.          16 

XE. 

12 

30195 

30- 1 62 

NE. 

3 

NE. 

II 

30060 

30125 

23 

E.           16 

SK. 

7 

-1S6 

-112 

NE. 

6 

NE. 

8 

•134 

•100 

^ 

SE.         IQ 

SK. 

14 

•086 

29936 

NE. 

8 

E. 

4 

-104 

30-000 

25 

SW.         9 

SW. 

15 

29-827 

•681 

E. 

4 

SW. 

6 

29-952 

29838 

26 

W.          12 

NW. 

9 

•806 

30210 

SW. 

15 

NW. 

'3 

•793 

30045 

27 

NK.       20 

SK. 

9 

30526 

•342 

N. 

7 

NE. 

6 

30373 

•362 

28 
Mar. 
I 

SK.         17 

SW. 

II 

•362 

•250 

N. 

6 

NW. 

4 

•424 

•325 

N.            6 

SW. 

14 

-272 

•230 

N. 

4 

NW. 

4 

•328 

•264 

2 

E.             3 

SW. 

12 

'222 

•lOI 

NE. 

I 

NW. 

5 

•271 

•193 

3 

S.           10 

SW. 

10 

•019 

29973 

E. 

I 

SW. 

4 

•169 

•118 

4 

N.          19 

NE. 

9 

•069 

30105 

S. 

4 

NW. 

I 

•098 

•105 

5 

E.          18 

SE. 

6 

•085 

29-988 

E. 

4 

W. 

3 

•152 

•091 

6 

S.           10 

SE. 

12 

29947 

•930 

SE.. 

I 

w: 

I 

•070 

•005 

7 

SE.        17 

SE. 

16 

•853 

•784 

SE. 

4 

SW. 

5 

•013 

29946 

356 


U.  S.  COAST  AND  Q£OD£TIC  SUBVEY 


Table  II. — Observations  of  currents  in  the  Qulf  of  Mexico^ — 

Meteorological  <^to~Continued. 


Date. 
1891. 

Mar. 

Pensacola,  Fla. 

Tampa,  Fla. 

Wind,  direction,  anc 
locity  (in   miles 
hour). 

Ivc- 
per 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity   (in    miles 
per  hour). 

Barometer  re- 
duced to  sea. 

8a.in. 

8  p.] 

m. 

8  a.  m. 

8  p.  m. 

8  a. 

m. 

8  p. 

m. 

8  a.m. 

8  p.  m. 

• 

8 

S. 

18 

N.   . 

16 

29752 

29-832 

SE. 

10 

S. 

7 

29*970 

29943 

9 

NW. 

16 

NW. 

9 

30114 

30271 

S. 

8 

NW. 

7 

•998 

30131 

10 

NE. 

17 

NE. 

7 

•388 

•268 

N. 

II 

NE. 

12 

30*297 

•231 

II 

NE. 

10 

NE. 

9 

•178 

2995 1 

NE. 

10 

SE. 

II 

•198 

•052 

12 

NE. 

6 

SE. 

5 

29969 

•900 

SE. 

II 

SE. 

3 

•013 

30*000 

13 

NW. 

24 

NW. 

9 

•998 

3017s 

S. 

9 

NW. 

9 

29963 

-OI2 

14 

N. 

6 

N. 

9 

30368 

•372 

N. 

6 

NW. 

6 

30277 

•292 

IS 

NE. 

17 

N. 

2 

•405 

•313 

NE. 

II 

E. 

9 

•365 

•273 

16 

NE. 

16 

N. 

16 

219 

•084 

NE. 

12 

E. 

8 

•181 

29939 

«7 

NE. 

9 

SW. 

4 

•033 

29947 

NE. 

6 

N. 

6 

29904 

•890 

18 

E. 

6 

SW. 

6 

29*956 

•930 

NW. 

6 

W. 

S 

•94S 

•979 

19 

W. 

5 

SW. 

9 

30022 

30009 

E. 

4 

W. 

2 

30-072 

30-060 

20 

NE. 

7 

SW. 

7 

•090 

29994 

N. 

2 

SW. 

4 

'I02 

•IS5 

21 

SW. 

2 

NW. 

12 

29*890 

*8oi 

S. 

4 

W. 

II 

29984 

29*821 

22 

NW. 

10 

NW. 

7 

•946 

■900 

NW. 

4 

w. 

5 

•910 

•851 

23 

NE. 

6 

SW. 

7 

•928 

*887 

W. 

3 

w. 

3 

-900 

•874 

24 

NE. 

8 

SE. 

5 

•919 

•932 

NW. 

4 

w. 

4 

964 

•95S 

25 

SE. 

14 

NE. 

12 

987 

*95i 

NE. 

4 

w. 

3 

30056 

30030 

26 

SW. 

IS 

SW. 

17 

•814 

77S 

SE. 

10 

SE. 

9 

028 

29902 

27 

NW. 

17 

w. 

6 

•948 

•880 

W. 

10 

w. 

8 

29912 

•908 

28 

N. 

9 

w. 

S 

•990 

•9SS 

NW. 

4 

W. 

S 

•957 

•989 

29 

E. 

7 

SE. 

3 

30051 

30036 

NW. 

4 

NW. 

4 

30088 

30047 

30 

SE. 

17 

SE. 

23 

•006 

29-891 

NE. 

6 

NE. 

I 

•126 

•043 

31 

SW. 

20 

0 

0 

29866 

905 

SE. 

12 

SW. 

10 

•020 

•013 

Apr. 

I 

E. 

7 

E. 

II 

•962 

•885 

S. 

4 

SW. 

4 

•033 

•007 

2 

NW. 

10 

NW. 

20 

•886 

•963 

SW. 

8 

W. 

6 

29*970 

29*910 

3 

NW. 

4 

NW. 

6 

301 18 

30-02 1 

NW. 

II 

NW. 

6 

30*000 

30018 

4 

NE. 

13 

NW. 

9 

•210 

•218 

N. 

10 

NW. 

3 

•103 

•160 

5 

N. 

12 

N. 

9 

•328 

281 

N. 

8 

W. 

5 

•252 

•176 

6 

0 

w. 

12 

•389 

•247 

NE. 

II 

NW. 

6 

Z^i 

•313 

7 

N. 

S 

SW. 

5 

•236 

•141 

SW. 

I 

W. 

4 

•327 

*24I 

8 

SW. 

2 

SE. 

9 

•173 

•181 

NE. 

S 

N. 

6 

•283 

-219 

9 

SE. 

10 

SK. 

II 

•218 

•208 

E. 

3 

E. 

8 

•291 

•243 

10 

SE. 

12 

K.     ♦ 

21 

.•194 

•193 

E. 

6 

W. 

6 

•289 

•229 
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Table  II. — Obseti^atio^is  of  currents  in  tJie  Gulf  of  Mexico. — 

Meteorological  dat(i--Coutmned. 


Date. 
1891. 

Key  West 

,  Fla. 

Date. 
!  1891. 

Mar. 

Key  West 

,  Fla. 

\ViiKl,<lirectlon,  and 
velocity  (in  miles 
jKjr  hour). 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity  (in  miles 
perhour). 

Barometer  re- 
duced to  sea. 

8  a.  m. 

8  p.  m. 

8  a.  m. 

8  p.  m. 

8  a.  m. 

8  p.  m. 

8  a.  m. 

8  p.  m. 

Feb. 

I 

SE.      6 

E.        8 

30167 

30168 

8 

SE.      9 

si:.     6 

29-980 

29-988 

2 

E.         8 

SE.      8 

•194 

•140 

1 

9 

SE.      8 

SE.     12 

30-055 

30123 

3 

SE.      7 

SE.      5 

•105 

•088 

10 

NE.    13 

E.       10 

-200 

•136 

4 

NE.     6 

NE.    14 

•126 

•174 

II 

SE.     12 

SE.     10 

-149 

•053 

5 

NE.   24 

E.       14 

•228 

•156 

12 

SE.     12 

SE.      4 

-058 

•016 

6 

NE.     9 

NE.     6 

•116 

•007 

'3 

S.         6 

NW.  12 

•024 

•005 

7 

SE.      6 

SE.      3 

29983 

29999 

14 

N.      28 

NE.    16 

•148 

•185 

8 

SE.      8 

E.        9 

30064 

30089 

15 

NE.    18 

E.       12 

•259 

•211 

9 

SE.     12 

E.       12 

•141 

•i3« 

16 

E.       14 

SE.      6 

-142 

•005 

10 

SE.      4 

SE.      5 

•192 

•134 

17 

SW.    15 

NW.  12 

29-927 

29919 

II 

E.        9 

E.       12 

•179 

•150 

18 

NW.    5 

NW.  12 

•974 

•986 

12 

E.       12 

SE.    16 

•176 

•123 

19 

SE.      8 

SE.      2 

30068 

30-068 

13 

SE.      8 

E.        8 

•125 

•116 

20 

SE.      3 

SE.      2 

-107 

•070 

14 

E.        5 

E.       13 

•156 

•»39 

21 

SW.     4 

W.      22 

•048 

29-954 

15 

E.       24 

E.       24 

•191 

•178 

22 

NW.  22 

NW.  14 

29962 

•901 

16 

SE.     16 

E.       12 

•179 

•128 

23 

NW.  18 

NW.  12 

•924 

•882 

17 

SE.      8 

E.         9 

•156 

•120 

24 

NE.     9 

NE.      2 

•933 

•951 

18 

SE.     12 

E.       19 

•146 

•132 

25 

NE.    12 

E.       12 

30013 

30001 

19 

E.       12 

K.       19 

•204 

■119 

26 

SE.     12 

SE.     12 

29-997 

29953 

20 

E.       10 

SE.     12 

•115 

•036 

27 

S.         2 

NW.  14 

•946 

-908 

21 

SE.      9 

SE.      5 

•021 

29-983 

28 

NW.  13 

NW.  13 

•975 

•981 

22 

N.      20 

NE.     8 

•120 

30071 

29 

NE.    14 

0 

30.077 

30041 

23 

NE.     3 

N\V.  14 

•092 

•046 

30 

E.       13 

SE.     10 

•095         031  1 

24 

N.        5 

N.        5 

•o<')4 

•001 

31 

SE.     16 

SE.      5 

•036 

-028 

25 

E.'       I 

K.        3 

29-971 

29-905  ■ 

Apr, 

I 

S.          7 

SE.      5 

•056 

-028 

26 

S\V.    13 

N\V.  26 

•918 

30-044 

2 

SE.       5 

SW.     5 

•026    29-992 

27 

N.      25 

NK.   20 

30275 

•292 

3 

NW.    9 

N.      16 

29-986 !  30012 

28 

NE.    14 

NE.    14 

•30« 

•268 

4 

N.        8 

N.      24 

30-086       -134 

Mar. 

5 

N.      20 

NW.  12 

•200         •19'? 

I 

NE.    12 

XE.     6 

30281 

•252 

2 

NE.    13 

NE.     4 

•253 

•191 

6 

N.      28 

NE.     8 

•343 

•312 

3 

NE.    12 

SE.       5 

•176 

•133 

7 

NE.    12 

E.        8 

•300 

•209 

4 

SE.      3 

SE.      4 

•120 

•116 

8 

E.       13 

E.       12 

•203         -196 

5 

E.         4 

E.         8 

•121 

•068 

9 

E.       14 

E.       20 

•2  J  J          203 

6 

SE.      6 

SE.      6 

•050 

•013 

10 

K.         9 

E.        7 

•239 

-178 

7 

SE.      9 

E.        8 

•037 

29959 
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At  Station  B',  near  Meuioiy  Kock,  ocrupied  Jauiiary  1() — change  of 
last  quarter  to  new  moon,  25^  south  decrlinatiou — was  found  a  current 
of  from  0*7  to  1*0  knot  per  hour,  setting  nortli,  the  wind  in  the  interval 
blowing  from  the  southeast  with  a  velocity  varying  fi-om  4  to  12  miles 
per  hour. 

At  Station  IV,  off  Jupiter  Inlet,  Fla.,  occupied  January  18  and  19 — 
moon  in  first  quarter,  15°  north  declination — was  found  a  current  of 
from  2-9  to  3*9  knots  per  hour,  setting  north,  the  wind  in  the  interval 
blowing  from  directions  between  west-southwest  and  northwest  with  a 
velocity  varying  from  10  to  18  miles  per  hour. 

At  Stiition  B'*,  off  Jupit4>r  Inlet,  Fla.,  occupied  January  20  and  21 — 
moon  in  first  quarter,  23^  north  declination — was  found  a  current  of 
from  2-0  to  3*0  knots  per  hour,  setting  nortli,  the  wind  in  the  interval 
blowing  from  directions  between  east  and  scmtheast  with  a  velocity 
varying  between  4  and  12  miles  per  hour. 

The  current  at  these  three  stations  is  in  keeping  in  velocity  with 
that  found  by  Lieut.  J.  E.  Pillsbury,  U.  S.  N.,  when  in  command  of  the 
Blake,  on  the  cross-section  between  Fowey  Rocks  and  Gun  Cay,  75 
miles  further  south.  The  sets  of  observations  are  too  short  to  deter- 
mine any  diurnal  or  semi-diurnal  variation  in  the  flow  or  any  influence 
due  to  the  moon's  declination. 

In  the  flrst  series  of  current  stations  in  the  Gulf  are  X*,  X^,  X*,  Y*, 
and  Y^,  occui>ied  in  order  named,  for  an  interval  of  about  2C  hours 
each  between  February  4  and  12.  The  phases  of  the  moon  during  this 
time  were,  on  the  4th  in  last  ([uarter  traveling  south,  reivching  its  maxi- 
mum declination  at  noon  on  the  Gth,  changing  to  new  nuKin  the  morning 
of  the  9th,  and  reaching  a  north  declination  of  2'^  by  the  afternoon  of 
tlie  I2th. 

At  Station  X*  was  found  a  current  of  from  0*5  to  1*3  knots  per  hour, 
setting  in  all  directions  between  northeast  (via  east)  and  west,  the 
wind  in  the  interval  blowing  from  directions  between  northeast  by 
north  and  east  with  a  velocity  of  15  to  20  miles  per  hour. 

At  Station  X^  was  found  a  current  of  from  0'5  to  1*3  knots  per  hour, 
setting  northwest  by  north,  the  wind  in  the  interval  blowing  from 
directions  between  southeast  and  south  with  a  vehnjity  of  10  to  15 
miles  per  hour. 

At  Station  X^  was  found  a  current  of  from  1*5  to  2v3  knots  per  hour, 
setting  northwest  by  north,  the  wind  in  the  interval  blowing  tVom 
directions  between  southeast  and  southeast  by  south,  with  a  velocity 
of  10  to  20  miles  i>er  hour. 

At  Station  Y^  wa.s  found  a  cnriont  of  from  0*8  to  1*3  knots  per  hour, 
setting  north  by  west,  the  wind  in  the  interval  blowing  flrst  from 
southeiist  by  east  with  a  velocity  of  15  to  IS  miles  per  hour,  gradually 
veering  to  west,  where  it  died  out,  tinillly  ai)])earing  in  same  <|uarter 
and  hacking  to  east-southeai^t,  reaching  a  velocity  of  10  to  12  miles  i>er 
hour. 
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At  Station  Y^  was  found  a  current  of  flrom  2*7  to  3'9  knots  per  hour, 
setting  southeast  by  east,  the  wind  in  the  intei'val  blowing  from  di- 
rections between  east  by  south  and  southeast  with  a  veloc'ity  of  5  to  15 
miles  i)er  hour. 

An  examination  of  the  weather  data  in  Table  II  shows  that  while 
observations  on  X'  were  in  progress  on  the  4th,  5th,  and  6th  of  Feb- 
ruary the  velocity  and  direction  of  the  wind  at  Key  West  was  the 
same  a«  found  at  the  current  station.  A  *'  norther "  of  considerable 
force  made  its  appearance  in  the  northwest  quarter  of  the  Gulf  on  the 
afternoon  of  the  3d,  seen  in  the  northeast  quarter  on  the  morning  of 
the  4th,  which  lasted  about  thirty-six  hours,  the  barometer  in  the  mean- 
time indicating  a  shai*i)  rise  at  all  points  excepting  Tampa,  Key  West, 
and  the  current  station.  The  resultant  of  these  forces  would  take 
about  the  direction  shown  by  the  current  at  X',  and  its  baffling  tend- 
ency is  probably  due  to  whi(;hever  force  was  temporarily  the  stronger. 
While  observations  on  X''  w(»re  in  progi'ess  on  the  0th  and  7th,  the 
wind  along  the  northern  borders  of  the  Gulf  was  in  the  quadrant  be- 
tween southeast  and  southwest,  there  having  been  a  gradual  veering 
from  the  north  on  the  3d  and  4th  to  this  position.  The  wind  at  the 
current  station  was  in  the  same  quarter,  showing  the  movement  to 
have  been  common  over  the  Gulf  area.  The  barometric  gradient  in 
the  meantime  had  been  changing  with  the  wind  till  its  trend  on  the 
evening  of  the  7th  was  about  northwest.  The  curr<Mit  at  X'  was  about 
in  the  direction  of  the  r(\sultant  of  these  forces  toward  an  area  that  by 
the  conditions  just  ]»n»vious  had  been  made  a  Unc  water  surface.  X* 
was  occupied  on  the  8th  and  Dth,  the  wind  of  considerable  force  was  in 
the  southeast,  where  it  had  been  while  the  previous  station  was  being 
occupied.  The  same  is  true  of  the  wind  along  the  northern  borders  of 
the  (xulf,  excepting  in  Texas,  where  a  '< norther"  appeared  on  the  i>th, 
but  too  late  to  hav(»  any  influence  at  this  station.  The  trend  of  the 
barometric  gradient  had  remained  practically  unchanged,  and  the 
current  here,  as  at  X^,  was  moving  about  in  the  direction  of  the  result- 
ant of  it  and  the  wind.  At  Y^,  occupied  between  the  morning  of  the 
10th  and  the  11th,  the  wind  was  practieally  in  the  quarter  it  had  been, 
but  shows  by  its  having  veered  to  the  west  and  died  out  for  a  short 
interval  that  there  had  been  a  change  in  the  atmospheric  circuhition 
over  the  Gulf,  caused  probably  by  the  "norther"  that  appeared  in 
Texas  on  the  0th,  and  spread  over  the  Gulf  on  the  10th,  becoming 
varial>le  winds  and  of  but  little  consequence  by  the  11th.  The  baro- 
metric gradient,  gentle  in  slope,  had  gnidually  revolved  via  south 
IVoni  its  previous  northwest  trend  to  an  east  one.  The  current  was 
moving  under  the  same  forces  as  maintained  X^  and  X*,  only  in  a 
little  ditt'erent  direction,  due  probably  to  the  earlier  disturbances  in 
tlie  northwest  quaiyter  of  tln^  Gulf,  or  it  may  be  that  the  aiccumulation 
of  head  in  that  locality  was  greater  than  further  to  the  eastward,  and 
it  was  taking  the  diiection  of  least  resistance. 
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Y^  was  occupied  between  the  eveuiugs  of  the  11th  and  the  12th,  the 
current,  a  strong  one,  was  setting  directly  into  the  wind  that  was 
about  the  same  in  velocity  and  direction  as  that  at  Key  West,  and 
almost  opposite  to  that  prevailing  along  the  Texas  coast.  The  baro- 
metric gradient,  a  gentle  one,  had  revolved  from  its  eastward  trend  of 
the  loth  to  southwest  by  the  morning  and  west  by  tlie  evening  of  the 
11th,  where  it  remained  till  the  close  of  observations  on  the  station.  If 
we  grant  that  it  takes  some  little  time  for  the  inertia  of  such  a  moving 
mass  of  water  to  be  overcome,  this  current  can  be  accounted  for  by 
the  <<  norther^  of  the  9th  and  10th  and  the  accumulated  head  in  the 
northwest  quarter,  the  two  forming  a  force  sulheient  to  maintain  for  a 
time  this  stream  against  the  op|)osing  forces  existing  at  the  actual 
time  of  observation.  It  is  unfortunate  that  the  vessel  did  not  remain 
at  this  station  longer  in  order  to  find  out  if  the  current  did  not  soon 
sla<3ken  and  i)erhaps  entirely  shift  in  direction. 

The  next  series  of  observations  was  made  on  current  stations  Y',  Y*, 
and  Y^*,  between  February  23  and  25.  These  stations,  as  a  glance  at 
illustration  No.  14  will  show,  are  on  a  line  joining  Y®  and  Y^,  which 
belong  to  the  series  just  preceding.  The  moon  was  changing  from  full 
moon  (February  23)  towards  last  quarter  with  a  declination  north  of 
from  160  to  3^. 

At  Y*  was  found  a  current  of  from  0*3  to  0*8  knots  per  hour,  setting 
southwest  by  south,  the  wind  in  the  interval  blowing  from  directions 
between  east-northeast  and  e^ist  witli  a  velocity  of  5  to  10  miles  per 
hour. 

At  Y^  was  found  a  cuirent  of  from  1*1  to  1-4  knots  per  hour,  setting 
south  by  east,  the  wind  in  the  interval  blowing  from  directions  between 
east  and  east-southeast  with  a  velocity  of  5  to  15  miles  per  hour. 

At  Y^  was  found  a  current  of  from  2*0  to  2*4  knots  per  hour,  setting 
southeast,  the  wind  in  the  interval  blowing  for  a  short  time  from  south- 
southeast  with  a  velocity  of  10  to  15  miles  per  hour,  wlien  it  veered  to 
the  southwest  without  change  in  strength. 

An  examination  of  the  meteorological  data  ui  Table  II  shows  that 
while  observations  on  Y^  were  in  progress  the  wind  and  its  direction 
at  Tampa  was  the  same  as  that  at  the  current  station,  not  strong  at 
either  place;  nor  was  the  current,  which  seems  to  liave  been  moving  in 
the  direction  of  the  resultant  between  the  wind  and  the  barometric 
gradient.  The  time  curve  of  velocity  of  this  station  shows  a  gradual 
decrease  in  strength  from  beginning  to  end  of  observations,  and  had 
the  vessel  remained  a  few  h(mrs  longer  a  change  in  direction  to  that 
seen  at  Y*  might  have  occurred;  for,  closing  observations  on  Y'  at  4 
a.  m.  of  the  24th,  the  vessel  went  immediately  to  Y*,  beginning  observa- 
tions there  by  S  a.  m.,  an  interval  of  only  four  hours.  At  Y^  the  cur- 
rent was  rnnning  almost  directly  into  the  wind  and  about  parallel  to 
the  isobars.  At  Y-^*  the  current  was  running  nearly  against  the  wind 
for  a  time,  or  until  it  veered  to  the  southwest,  and  directly  up  the  bar- 
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oiiK^rric  gradient.  By  going  ba(.*k  and  examining  the  weather  data,  it 
will  be  seen  tliat  the  wind  and  barometric  gradients  were  such  as  to 
crowd  the  water  into  the  northern  area  of  the  Gulf  from  the  16th  to  the 
18th,  and  into  the  northwest  quarter  from  the  18th  to  the  20th,  followed 
by  a  period  between  the  20th  and  22d  wheu  the  wind  and  barometric 
gradients  were  light,  but  in  favor  of  a  northwest  movement  from  Key 
West  to  Tampa  and  a  southerly  movement  from  Pensacola  to  Browns- 
ville. The  current  at  Y*  was  the  last  of  the  movement  of  the  forces 
crowding  the  water  into  the  northwest  quadrant  where  a  suiticient  head 
had  accumulated  to  maintain  even  against  forces  of  considerable  resist- 
ance the  current  at  Y^  in  the  direction  it  was  taking,  until  equilibrium 
along  the  Florida  coa^t  was  established,  when  the  direction  was  changed 
to  that  seen  at  Y^*. 

The  next  series  consists  of  observations  on  one  station  only,  Y*,  occu- 
pied March  11  and  12,  a  storm  preventing  further  work.  At  Y*  was 
found  a  current  of  from  0*4  to  1*0  knot  per  hour  setting  toward  points 
between  south-southeast  and  south-southwest,  the  wind  in  the  interval 
blowing  from  directions  between  southeast  and  south  by  west,  with  a 
velocity  of  5  to  16  miles  per  hour.  It  was  new  moon,  zero  declination, 
tbe  same  phase  as  when  Y^  was  occupied  and  such  a  strong  current 
found.  An  examination  of  the  weather  data  in  Table  II  shows  this 
direction  of  the  cun*(»nt  to  be  in  keei>ing  with  that  of  the  resultant  of 
the  wind  as  observed  at  the  land  stations  and  the  barometric  gradient, 
although  in  opposition  to- the  wind  at  the  station  itself. 

The  next  series  of  stations,  Z^,  Z*,  Zr\  and  V,  were  occupied  between 
March  11)  and  23;  the  moon  during  the  interval  was  in  first  quarter 
and  in  from  25^  to  12^  north  declination. 

At  Z*  was  ftmnd  a  current  of  from  0*G  to  1*1  knots  per  hour  setting 
north-northwest,  the  wind  in  the  interval  amounting  to  nothing  and 
tlie  sea  smooth. 

At  Z^  was  found  a  current  of  from  0*7  to  as  swift  as  3'0  knots  per 
hour,  setting  northwest,  the  wind  in  the  interval  increasing  in  velocity 
from  about  2  to  10  miles  per  hour,  and  veering  from  north  by  west  to 
southwest  by  south. 

At  Z^  was  found  a  current  of  from  0^5  to  1*9  knots  per  hour,  setting 
towards  points  between  northeast  and  east-southeast,  the  wind  in  the 
interval,  with  a  velocity  of  10  to  18  miles  per  hour,  blowing  first  from 
the  west,  then  veering  to  north-noitheast. 

At  V  was  found  a  current  of  from  1*1  to  2*7  knots  per  hour,  setting 
east-northeast,  the  wind  in  the  interval  blowing  from  directions  be- 
tween north-northwest  and  north  by  east  with  a  velocity  of  2  to  8  miles 
per  hour. 

An  examination  of  the  weather  data  in  Table  II  shows  the  Gulf  to 
have  l)(»en  in  a  state  of  (juiet  from  the  17th  to  the  19th,  when  a  "  norther  " 
of  considerable  force,  but  of  short  duration,  made  its  appearance  in  the 
vicinity  of  Corpus  Christi-.     From  the  20th  to  *iSd^  vu^x^^vs^x^^afc  ^'vw^a* 
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ai)i)ear  to  have  been  local,  variable  in  diieetiou,  and  only  at  one  or  two 
points  showing  any  marked  velocity.  There  was  no  general  ni<f\-ement 
or  circulation  common  to  the  Gulf  area.  There  is  a  little  indication 
that  at  Z*  and  V  the  current  might  have  been  taking  the  direction  it 
did  under  the  influence  of  a  wind  and  barometric  gradient  that  existed 
just  previous  to  occupying  these  stations,  as  shown  by  the  conditi<ni8 
at  Z*  and  the  tij'st  part  of  Z^.  It  would  seem,  therefore,  that  Z*  and  7? 
were  observed  under  nearly  normal  conditions,  and  that  the  drift  and 
set  at  these  stations  is  what  may  be  expected  under  similar  phases  of 
the  moon.  An  examination  of  the  time  curve  of  velocity  of  Z*  shows  a 
well-defined  maximum  in  velocity  occurring  about  three  hours  inevious 
to  the  moon's  transit. 

The  next  and  last  series  of  stations— Z^**,  V»,  Y^**,  N^,  W\  N^,  and 
N^ — were  occupied  between  March  31  and  April  \),  Tlie  moon  during 
the  interval  was  full,  in  last  quarter,  and  reached  new  moon;  in  dec- 
lination, from  maximum  or  26^  south  to  13°  north. 

At  Z^*,  within  8  nautical  miles  of  Station  Z^,  was  found  a  current  of 
from  0*4  to  1-0  knot  per  hour,  setting  east-northeast,  the  wind  in  tho 
interval  blowing  first  with  a  velocity  of  about  3  to  5  miles  per  hour 
from  the  s(mth,  veered  to  the  southwest,  and  died  out;  later,  ai)pearing 
in  the  south-southeast  and  reaching  about  the  same  velocity. 

At  V»  was  found  a  current  of  from  0*7  to  2*2  knots  per  hour  setting 
northeast,  the  wind  in  the  interval  blowing  from  directions  between 
south-southeast  and  south-southwest  with  a  velocity  of  10  to  15  miles 
per  hour. 

At  Y'^*»  wavS  found  a  current  of  from  0*3  to  0*0  knot  per  hour  setting 
towards  points  between  northeast  (in  azimuth  via  east)  and  west  by 
s<mth,  the  wind  in  the  interval  blowing  from  northwest  by  north 
with  a  velocity  of  4  to  12  milas  per  hour. 

At  N'  was  found  a  current  of  from  0-9  to  1*7  knots  per  hour  setting 
southwest,  the  wind  in  the  interval  blowing  from  directions  between 
north  "by  west  and  north-northeast  with  a  velocity  of  10  to  15  miles 
per  hour. 

At  N^*  was  found  a  current  of  from  0*9  to  2*5  knots  per  hour  setting 
southwest  by  south,  the  wind  in  the  interval  blowing  from  directicms 
between  northeast  and  east  by  simth  with  a  vch)city  of  5  to  10  miles 
per  hour. 

At  N-*  wa^  found  a  current  of  from  2-0  to  3-4  knots  j>er  hour  setting 
northeast  by  east,  tbe  wind  in  the  interval  blowing  from  directions 
between  southeast  by  east  and  south-southeast  with  a  velocity  of  5  to 
10  miles  per  lumr. 

At  X^  was  found  a  current  of  from  1-2  to  2*1  knots  per  hour  setting 
northeast,  the  wind  in  the  interval  blowing  from  directions  between 
east  and  east-sonth(»ast  with  a  velocity  of  10  to  IS  mih*s  per  hour. 

The  weather  map  tor  the  morning  of  ]\larch  28  shows  an  area  of 
high  barometer  central  over  the  Mississipjii  delta.    Twenty-four  hours 
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later  it  had  reached  a  position  central  over  Florida,  and  the  resultant 
of  wind  and  barometric  gradient  was  toward  the  northwest  quarter  of 
the  Gulf.  These  forces  continued  till  sometime  between  the  evening  of 
the  30th  and  the  morning  of  the  31st,  when  the  wind  shifted,  showing 
various  directions,  and  the  barometric  gradient  changed  to  a  trend 
about  northeast.  From  these  facta  it  seems  quite  reasonable  to  suppose 
that  there  was  an  accumulation  of  water  in  the  northwest  quarter  of 
the  Gulf,  forming  a  head  that  with  this  new  position  of  the  barometric 
gradient  was  the  cause  for  the  current  at  Z'»  and  V», 

Between  the  morning  of  the  1st  and  the  morning  of  the  2d  of  April, 
an  area  of  low  barometer,  extending  about  north  and  south,  passed 
northeasterly  across  the  Gulf,  followed  by  a  steep  barometric  gradient 
trending  to  the  northeast.  The  resulta-nt  of  this  gradient  and  the 
wind  was  a  force  to  add  to  the  iiccimiulation  of  water  on  the  Florida 
coast,  placed  there  through  the  movement  at  Z^»  and  V%  and  hold  in 
check  the  current  at  Y"',  which  was  by  this  time  being  backed  by 
gravity.  A  further  examination  shows  a  shift  of  wind  and  barometric 
gradient  to  such  a  quaiter  as  to  let  out  this  last  accumulation,  and 
undoubtedly  it  was  the  cause  for  the  current  at  X*  and  N**.  On  A])ril 
6  there  was  an  area  of  high  barometer  central  on  the  western  borders 
of  the  Gulf,  which  by  the  Gth  was  otY  tlie  Mississii)pi  delta,  and  by  the 
7th  over  southern  Florida.  There  was  little  or  no  wind  with  this  hi(/h 
and  it  does  not  seem  possible  that  it  Wiis  suiticient  to  cause  a  low  in  the 
water  surface  along  the  Florida  coast  that  would  engeniler  the  current 
seen  at  N^  and  N*  on  the  7th,  8th,  and  9th,  and  it  may  be  that  this 
movement  was  one  caused  by  forces  in  the  southwest  quarter  of  the 
Gulf  which  we  know  not  of. 

At  times  in  the  foregoing  discussion  it  has  occurred  to  me  that 
possibly  we  were  '*  reckoning  without  cmr  host,"  for  our  meteorological 
data  are  confined  to  the  coast  of  the  Unite<l  States,  leaving  ab<mt  one 
half  of  the  periphery  of  the  Gulf  from  which  we  have  no  information. 
We  have  no  tidal  observations  from  any  quarter  which  would  be  of 
great  value  in  confirming  the  heaping  up  or  driving  out  of  the  water 
at  any  particular  ])oint  or  time,  according  as  the  resultant  of  wind  and 
barometric  gradient  w;ks  on  or  oft*  shore.  But  certainly  there  can  be 
no  question  that  the  observations  we  have  go  to  prove  that  the 
atmospheric  pressure  and  winds  can  be  such  iis  to  set  at  naught  the 
normal  circulation  of  the  Gulf  and  create  and  maintain  currents  of 
surprising  velocity  for  a  considerable  period  of  time. 

Before  closing  I  wish  to  call  attention  to  those  Physical  Maps  of  the 
Gulf  of  Mexico  and  adjacent  waters  on  which  will  be  seen  sweejiing 
lines  representing  the  current  issuing  from  the  Caribbean  Sea,  follow- 
ing  close  around  the  Peninsula  of  Yucatan,  the  remaining  coast  of 
Mexico  and  the  coast  of  the  (iulf  States  and  out  the  Straits  of  Fh>rida. 
The  first  and  the  last  of  this  movement,  viz,  the  current  through  the 
Yucatan  Channel  and  out  the  Straits  of  Florida.  ^\^  \;v^  ^i>?5v2s^^^vi«^ 
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facts.  But  the  remainder-  is  decidedly  questionable.  In  fact,  as  has 
been  shown,  the  evidence  gathered  from  our  observations  is  that  under 
normal  conditirms — and  by  nonnal  conditions  is  meant  the  surface  of 
the  Gulf  free  from  stress  of  either  wind  or  barometric  gradient — there 
is  a  ciUTent  running  northward  along  the  Florida  Banks,  sweeping  west- 
ward past  the  Mississippi  delta  and  along  the  Texiis  coast.  As  additional 
evidence  of  this  current  it  is  said  that  as  a  rule  steamers  entering  by 
the  Straits  of  Florida  or  leaving  llaviina  bound  for  Pensacola,  Mobile, 
or  New  Orleans,  make  landfall  to  the  westward  of  theii*  course.  The 
Blake  experienced  tins  on  two  occasions  when  running  from  her 
working  ground  to  Mobile  and  Pensacohi  respectively  for  coal,  l^^ach 
time  on  making  land  we  were  some  few  miles  to  the  westward  of  the 
entrance  to  these  harbors  although  some  allowanci;  for  such  a  current 
had  been  made  in  the  ccmrse. 

From  our  present  knowh^lge  wo  cannot  say  what  path  the  current 
from  the  Caribbean  Sea  takes  before  pa^ssing  out  of  the  Straits  of 
Florida  and  becoming  the  (lulf  Stream.  Whether  when  uninfluenced 
by  atmosi)heric  conditions  it  follows  one  regular  path  that  traverses 
the  Gulf  or  different  paths  at  different  phases  of  the  moon,  or  still 
further  whether  at  certain  phas(»s  it  has  a  course  i)arallel  with  the 
northern  shore  of  Cuba  and  at  others  one  traversing  the  Gult  of 
Mexico,  is  an  open  question.  It  seems  possible  however,  that  the 
atmospheric  conditions  over  the  Gulf  of  Mexicx)  could  be  such  as  to 
force  this  stream  along  the  coast  of  Cuba  and  out  the  Straits  of  Florida 
without  its  entering  the  (fulf  at  all.  xVnd  rice  vef^sa  that  the  a;tnios- 
pheric  conditions  over  the  Gulf  could  bo  such  as  to  make  it  a  reservoir 
for  this  stream,  materially  diminishing  for  a  time  the  How  in  the 
Straits  of  Florida. 

In  conclusion  I  wish  to  ex])ress  my  acknowledgment  of  the  kindness 
of  Lieut.  C.  E.  Vreeland,  U.  S.  Navy,  assistant  (]5oast  and  Geodeti<*. 
Survey,  conunanding  the  Blake,  in  rendering  me  every  assistance 
possible  toward  making  tlu;  trial  of  the  meteor  a  success,  and  to  hr*r 
officers,  Lieut.  Harry  Kimmell,  U.  S.  Xavy;  Knsigns  K.  P.  Schwerin, 
W.  C.  P.  Muir,  Jos.  II.  Kohrba^'her,  Benjamin  Wright,  and  Philip 
Andrews,  U.  S.  Navy;  Assistant  Kngineer  W.  W.  White,  IT.  S.  Navy; 
Assistant  Surgeon  E.  S.  Bogert,  I  J.  S.  Navy;  and  Mr.  W.  S.  Crosby, 
for  kind  assistance  in  carefully  taking  the  observations. 
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APPENDIX  No.  11—1891- 


DESCRIPTIVE  CATALOGUE  OF  PUBLICATIONS  RELATING  TO  THE  U.  S. 
COAST  AND  GEODETIC  SURVEY,  1807-1890,  AND  TO  U.  8.  STANDARD 
WEIGHTS  AND  MEASURES,  1790-1890. 


Compiled  by  Edward  Goodfellow,  C.  H.  Sinclair,  and  J.  B.  Baylor,  AssiBtants. 


CLASSIFICATION. 

I. — Annnal  Reports  and  other  docnmenta  of  the  U.  8.  Coast  and  Geodetic  Survey, 
and  U.  S.  Standard  Weights  and  Measures,  1807  tol890.    Also,  Reports  and 
other  documents  relating    to  U.   S.   Standard  Weights   and  Measures, 
1790-1890. 
II. — A  Suhjoct-index  to  the  professional  papers  contained  in  the  Annual  Reports,  in 
the  Bulletins,  and  in  the  occasional  publications  of  the  Survey  from  1845 
U}  ISiK),  inclusive. 
III. — Bi]>liofrraphy  (a);  statistics  (h);  official  reports  of  expenditures  and  of  per- 
sons employed  (c);  tabular  statements  of  information  furnished  (d);  An- 
nual n^ports  of  office  operations  (c);  and  necrology  (/). 
IV. — Tide  tables  from  the  date  of  earliest  publication  by  the  Survey  to  the  year 

1890. 
V. — Coast  Pilots  from  the  date  of  earliest  publication  by  the  Surrey  to  the  year 

1890. 
VI. — Catalogues  of  maps  and  charts  published  between  1843  and  1890. 
VII. — Notices  to  mariners. 
VllL— Bulletins. 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


I. 

ANNUAL  nEPORTS  AND  OTHER  DOCUMENTS  OF  THE  U.  S.  COAST  AND 
GEODETIC  SURVEY,  tS07  TO  1S90,  AND  U.  S,  STANDARD  HEIGHTS  AND 
MEASURES,  1700  TO  JSOO. 

U.  S.  COAST  AND  GEODETIC  SURVEY. 
KEPORTS  AND  OTHER  DOCUMENTS. 


1807. 
F«\».  10.. 

Mar.  25. 
Apr.  2  .. 

Dec.  26.. 

1816. 
Apr. 4  .. 

May  15.. 


Juno  11, 18; 
Julv  12; 
Aug.  3,18. 

Nov.  23, 30  .. 


An  act  to  provide  for  snTToyini;  the  coast  of  the  TTnited  Statoa*. 


Cirrular  lett«»r  addreMod  by  the  Secretary  of  the  Trcaaury  to  F.  R.  HaM- 
Icr,  reqiieetioe  that  ho  itvould  Biiffprc-at  the  outlineii  of  a  plan  for  the  Aiir- 
vey  of  the  coanf,  nucl;  aa  W4iuld  unite  corrcctneaA  and  practicahilltv. 
ITransacfions  American  Philosophical  Society.     Vol.  II.     New 
series.] 

letter  of  Mr.  Hanfllt^r  to  the  Secretary  of  the  Treannry,  trnnsnoittinfta  I  13,  quarto. 

Slanforpiitiin);  into  operation  the  survey  of  the  coast  of  the  United 
Utes. 

f  Transact  ions  American  Philosophical  Society.     Vol.  II.     Now 
series.  ] 


1,  octaro. 

2,  quarto. 


Part  of  volume  of  Executive  reports — Reoelptaand  Expenditures  of  the 
UuitiH)  Statea.    Survey  of  the  coast 
[Tenth  Conf:res«.J 

Part  of  estimates  of  appropriations  for  support  of  the  Government  for 
1800.    Survevinic  department 

[Tenth  Congreea,  second  sevsion.] 

Report  on  Coast  Survey  hy  the  Secretary  of  the  Treasury.  Meaannss 
taken  towards  a  survey  of  the  coast,  et«. 

(Executive  reports,  Fourteenth  Congress,  first  session.] 

Communication  made  to  the  Secretary  oi  the  Treasury  by  F.  R.  Haaaler, 
on  the  measures  necessary  to  be  taken  to  put  into  immediate  operation 
such  portions  of  the  work  as  could  be  undertaken  during  the  oomteg 
season. 

NoTK.— The  titles  of  the  reports  and  other  docnmenta  relating  to  the 
U.  S.  Coast  Survey  which  follow,  and  which  cover  the  years  between  1816 
and  1844.  are  taken  for  the  most  part  from  two  octavo  volumes  published 
by  Mr.  llassler,  .and  containin;;  in  Volume  I  the  "Principal  documents 
relating  to  the  survey  of  the  04>ast  of  the  United  States  sinoe  1816  (New 
York,  1834)"  and  in  Volume  II  the  "Principal  docnmenta,  etc..  fk'om 
October,  1834,  to  November,  1835  (New  York,  1835)."  These  two  volumes 
(340  pages,  octavo)  are  bound  iuto  a  large  octavo  volume  and  form  part  of 
the  "Coast  Survey  and  Weight  and  Measure  Documents,  1832  to  1843." 

Poore*s  Descriptive  C^atalogne  of  Government  Publications,  1774-1881, 
has  also  been  consulted. 

Correspondence  with  the  Treasury  Department  and  articles  of  engage- 
ment between  the  Treasury  De])artment  of  the  United  States  and  F.  R. 
Hassler,  relative  to  the  survey  of  the  coast  of  the  United  States. 

First  Report  of  F.  R.  Ilassler,  Superintendent  of  the  Survey  of  the  Coaat 
of  the  IJnited  States,  to  the  Secretary  of  the  Treaaury  upon  the  progress 
of  the  work. 

Message  of  President  ^lonroe  transmitting  a  report  of  the  Secretary  of 
the  Treaaury  ui)on  the  progress  made  in  the  coast  surveys.  Instruc- 
tions to  the  Snperintenaent  and  liis  report  to  the  Secretary. 

[State  Papers.  No.  143,  Fifteenth  (Congress,  first  session.    Vol.  II.] 

Letter  of  Mr.  Ilassler  to  the  Secretary  of  the  Treasury,  discussing  the 
objects  of  the  survey  of  the  coaat  and  reviewing  the  progreaa  of  the 
work. 

An  act  to  repeal  part  of  the  act  entitled  "An  act  to  provide  for  aurvey- 
ing  the  coasts  ot^  the  United  States,"  approved  April  14, 1818. 


18,  qaaito. 


0,  octavo. 


3,  octavo^ 


21,octaTOw 


5b  octaTOu 


*The  first  survey  of  any  considerable  extent  of  the  coast  of  the  XTnited  States  was  that  of  the  North 
Carolina  coast  between  Cape  Ilatteras  and  Cape  Fear,  as  appears  by  letters  of  Albert  Gallatin,  Secre- 
tary of  the  Treasury,  to  tne  Commissioners  appointed  for  that  duty.— (Executive  documents.  Ninth 
Coogreaa,  first  session,  4^pril  27, 1806,  and  second  session,  January  23, 1807. 
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U.  S.  COAST  AND  GEODETIC  SURVEY— Contiiined. 
REPORTS  AND  OTHER  DOC^MENTS-Contlnued.    • 


1818 
Apr.  22 


Tetter  of  F.  R.  TTa8i«I<-r  to  the  Secretary  of  tho  TrpEftnry,  In  rcjtarvl  to  ihe    2,  ocUto. 
repi'al  of  the  act  authorising  the  sunrej  of  the  coaet  and  making  ntate- 
luent  of  arrangementfl  desirable  for  the  pre8er\'ation  of  the  work  already 
accomplished. 


Apr.  27  — 


1820. 
Nor.  16  . 


Commanioatlon  by  Ifr.  Haasler  to  the  Secretary  of  War,  respecting  the  ;  13,  octavo, 
transfer  of  the  work  of  the  Coast  Sarrey  to  the  Wsr  Department ;  also, 
a  statement  of  the  "  Principal  dates  of  the  sarvoy  of  the  coast." 


1828. 


Mayl 


1831. 
Dec.  22.. 


Jaly  10 
Jnly... 


Aug.  6 


Ang.  9 


Aug.  0 


1K.33. 
Doc.  1 . . . 


1834. 
Mar.  12  . 


Mar.   14   to 
Apr.  14. 


May  17.. 

Nov.  11., 

183S. 
Feb.  17.. 

Hay  8.. 


Report  of  the  Secretary  of  the  Tn^asnrj  of  the  money  annually  apiiropri- 
ated  and  paid  since  1775  for  snrveyiug  the  seacx>ast,  bays,  inlots,  har- 
bors, and  shoaln,  etc 

[Senate  Doc.  No.  6,  Sixteenth  Congress,  second  session.    Vol.  I.] 

Documents  relative  to  roast  surveys.  Statements  relatire  to  the  survey 
of  the  coasts  of  the  United  States.    Survevs  made,  and  by  whom. 

[House  Ex.  Doo.  No.  264,  Twentieth  Congress, first  session.    Vol. 
VI.) 

I 

I  Documents  referring  to  Coast  Survey.  Statements  relative  to  the  oxpe- 
diencv  of  providing  for  the  completion  of  the  survey  of  the  coasts  of 
the  l/nited  States. 

[House  Ex.  Doc.  No.  22.  Twenty-second  Congress,  first  session. 
Vol.  II.  1 

An  art  to  carr\-  into  effect  the  act  to  provide  for  a  survey  of  the  coast  of 
the  TJnitod  States.    Approval  July  10, 1832. 

I<ett«r  of  F.  R.  Hastier  to  the  Secretary  of  the  Treasury,  presenting  the 
principles  and  views  of  his  plan  of  operation  for  the  survey  of  the 
coast  as  adopted  in  1807. 

Upon  the  articles  of  agreement  lx)t  wof^n  the  Treasury  Department  of  the 
iTniled  SlateH  and  F.  R.  Uassler,  relative  to  the  survey  of  the  coast  of 
the  United  States. 

Letter  of  the  Strretsrv  of  thr  Treasury  to  F.  R.  Hassler,  apjiointing  him 
to  make,  und(*r  (lie  direction  of  tlie  Treasury  Department,  the  snrvey 
of  the  coast  as  provi(le<l  fur  bv  the  acts  of  February  10, 1807,  and  July 
10. 1832. 

C'iri-nlar  letter  from  tluj  Sn-iotary  of  the  Treasury,  renuestiiig  all  owners 
anil  o«;rupierH  of  lands  over  wliich  Mr.  Hassler  and  ills  assistants  may 
liave  occasiun  to  pass  in  the  peiformnnce  of  their  public  duties  to 
perniir.  them  freely  to  pass  over  and  remain  on  tho  same  as  long  as 
may  lie  necessary  in  executing  the  work  of.  the  snrvey  of  the  coast. 

I^ettfr  of  Mr.  Hassler  to  the  Se<>retary  of  the  Treasury,  reporting  the 
pni^iress  made  in  tho  work  of  the  survey  of  the  coast. 

I/etter  from  the  Secretary  of  the  Treasury  to  Mr.  Hassler,  Informing 
him  tiiat,  with  the  approval  of  the  Presirlent-,  the  superintendence  of 
the  Coast  Survey  has  ocon  transferred  from  the  Treasury  to  the  Navy 
Department. 

Correspondence  of  Mr.  Hassler  with  the  Secretary  of  the  Navy,  relative 
to  the  transfer  of  the  Coast  Survey  to  the  Navy  Department^  with  a 
"Continuation  of  the  principal  fkcts  and  dates  relating  to  the  Coast 
Survey,  after  the  intomipMon  of  the  work  in  1818." 

Report  by  F.  R.  Haasler  to  the  Secretary  of  the  Navy  upon  the  "Works 
executed  for  the  survey  of  the  coast  of  the  United  states,  npon  the 
law  of  1832.  ami  their  Junction  with  the  works  made  in  1817  by  and 
under  the  direction  of  F.  R.  Hassler." 

Report  of  F.  R.  Hassler  as  Superintendent  of  the  8nr\'ey  of  the  Coast, 
additional  to  that  dated  May  17,  containbig  an  account  of  the  progress 
of  that  work  during  the  summer  and  untllNovember  of  1834. 

Statoment  by  F. R. Hassler  of  the  "Considerations  which  make  an  in 
crease  of  the  appropriation  proposed  for  the  survey  of  the  coast  for  the 
present  year  desirable  and  advantageous." 

Third  report  of  F.  R.  Hassler.  aa  Superintendent  of  the  Survey  of  the 
('oast,  upon  the  progress  of  tbat  work  from  November,  1634,  to  May, 


11,  octavo. 


11,  octavo. 


It,  octavo. 


.1 


9,  octavo. 


2,  octavo. 


1,  octavo. 


2,  octaTo. 


Ifr,  octavo 


U,  ootavOi 


7,  octavo. 


2,  octavo. 


4,  octavo. 
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1832. 
Nov.  22  . 


1R36. 
Mar.  8  .. 


U.  S.  COAST  AND  GEODETIC  SURVEY— Continued. 
REPORTS  AND  OTHBR  DOGUMENTS-Coniinued. 


Mar.  25-27  .. 

Apr.  13,  IB,  30 

Nov.  19 

Dec.  7 


Number  of 

pagM 

and  size. 


Fonrth  report  of  F.  R.  Uaasler,  an  Superintendent  of  the  Survey  of  the     6,  octavo. 
Coast,  upon  the  operations  performea  in  that  work  between  themonths 
of  May  and  December,  lf»5,  with  an  estimate  of  the  appropriation 
required  for  the  next  yearns  work. 

Statement  made  by  Mr.  Hassler  to  the  Secretaryof  the  Navy  of  reasons    2,  octava 
for  plaoinf;  th«  L  oast  Sarvey  In  the  Treasury  Department,  and  neither 
in  the  War  nor  Navy  Departments. 

The  direction  of  the  Coast  Snrvey  transferred  from  the  Navy  Depart-  j  15,  octava 
ment  to  the  Treasury  Department.    See  letters  of  March  26*  from  the 
Secretary  of  the  Navy  to  Mr.  Hassler,  and  of  March  27  fh>m  Mr.  i 
Hassler  to  the  Secretary  of  the  Treasury.  j 

Reports  Arom  the  Secret*rv  of  the  Treasury  and  the  Chief  of  the  Topo-  ;  15,  octava 
graphical  Bureau,  XT.  S.  Army,  upon  the  salaries  of  the  Superintendent 
of  the  Coast  Survey  and  his  assistants,  with  remarks  by  Mr.  Hassler 
in  relation  thereto. 

Fifth  report  of  F.  R.  Hsssler,  as  Superintendent  of  the  Coast  Survey,     5,  octavo. 
*    *    *    ezhibitiuK  the  operations  performed  in  1838. 

Report  on  the  Coast  Snrvey  by  the  Secretary  of  the  Treasnrv.    St«te*     60,  octavo, 
ment  reUtlve  to  the  transfer  of  the  Coast  Survey  from  the  Navy  De- 
partment to  the  Treasury,  with  copies  of  correspondence  relating  to 
the  sntiject,  and  the  report  of  F.  K.  Hassler,  Superintendent  of  the 
Survey. 

(Ex.  Doc.  No.  13,  Twenty-fourth  Congress,  second  session,  Vol.1.] 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY  AND  U.  S.   STANDARD 

WEIGHTS  AND  MEASURES. 

ANNUAL  REPORTS. 

Fbrdikamd  Rudolph  Hasblbb,  Superintendent. 


Period  of  re- 
port. 


1837. 
1838. 
1839. 
1840. 


Dec,  1841 


Jan.,  1842*  . 

Dec.,  1842* . 
Jan.,  1843 1. 
Feb.,  1843 1. 


Nov.,  1843,  land 
Jan.,  1844. 


Subject. 


duited  States  Coast  Snrvey 


Weights  and  Measures 

Uniled  States  Coast  Snrvey 

Weif^hts  and  Measures 

United  States  Coast  Survey 


Weiffhts  and  Measures  . . . . . 
United  States  Coast  Survey 


Weights  and  Measures 


Number  of 

pages 

and  size. 


5,  octavo 

11.  octavo 

6,  octavo 

1,  octavo 

6,  octavo 

2,  octavo 

7,  octavo 


1,  octavo 
18,  octavo 


8,  octavo 

5,  octavo 

103,  octavo 

93,  octavo 

8,  octavo 


Designation  as  a  public  document. 


Twenty-fifth  Congress,  second  session. 
No.  70,  Senate. 
Do. 

Twenty-fifth  Congress,  third  sessloii,  No. 
4,  Senate. 
Do. 

Twenty-sixth  Congress,  first  session.  No. 
15,  Senate. 
Do. 

Twenty-sixth  Congress,  second  session. 
No.  14,  House  of  Representatives — 
Treasury  Department. 
Do. 

Twenty-seventh  Conirress,  second  ses- 
sion, No.  28,  House  of  Representa- 
tives—Treasury Department. 

Twenty-seventh  Congress,  second  sen- 
slon.  No  57,  House  of  Representa- 
tives— Treasury  Department 

Twentv-seveuth  Congress,  third  session. 
No.  ll.  Senate. 

Twenty-seventh  (/ongrese,  third  session, 
No.  43,  liouse  of  Representatives. 

Twenty  seventh  Congress,  third  session, 
No.  170,  House  of  Representatives. 

Twenty-eighth  Congress,  first  session. 
No.  07,  House  ol^  Representatives — 
Treasury  Department 


*  Report  in  regarti  to  progrcas  and  expenditures. 

t  Reports  of  select  committee  of  the  House  of  Representatives  upon  progress  and  expenditure  in  the 
Coast  Survej. 

:  Last  report  of  F.  R.  Hassler,  as  Superintendent  of  the  Coaat  Surrey,  transmitted  January  20, 
1844,  by  the  Secretary  of  the  Treasury  to  Congress. 


BEPOET  FOB  1891 — PIET  II. 
U.  S.  COAST  AND  GEODETIC  SURVEY— Continued. 

ANNUAL  REPORTfl. 

LAB  BiCHK,  Sup4Tinlnileal. 


DMllTDBtlon  u  ■  puUle  ilaoaiiH 


rffDatj-nintli  Coptn-SM.  flnt  ■<« 
«r  R^preMnlallriu— TreHuTT  D 
rwenly-nintb  Concrwi.  ■eoond  m 

oii|;thii, 


■  173.  iinnrlo  ' 


410,  qiurlo 
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H 
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" 

8.^5^: 
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Tlitrty-«tiih  ConinuK,  i 


Thlrty-neTcnth  ConerMt,  thlnl  Higfaii,  IIoum  Ei.  Um. 

No.  TO. 
Thirtj-cfnhth Oonjtmx-  flrat  h ulnn.  Sonalc  Bi.  Doo. 


ThtKj-Bliihth  ODiij(re»,  *K»na 
if  the  gupcnDIODclsnt  for  sicli.Tnar  appear 


iritblS3Z.ltiarp|wi 

J(TUtH  Eb*iUIi;»  Hiuiard.  Attiiig  Suptriatradrnl. 
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U.  S.  COAST  AND  GEODETIC  SURVEY— Con  tinned* 


ANNUAL  RBPORT3M}ontinned. 
Cadlilb  Voujock  Pattbrson,  8up€rintend«nt. 


Report 
for  yc%r 
ondinii; — 


June,  1874 
1875 
187« 
1877 
1878 
1879 
1880 


Numbfr  of    Number 
{inguM        ofappcn* 
and  AIM).    ;    diceA. 


242.  qnarlo  I  18 

412,  <inarto  '  20 

416.  quarto  23 

192.  quarto  15 

304.  quarto  ■  11 

i 

213.  quarto  16 

419,  quarto  10 


Number 
of  illnn- 
trat  ious. 


DeaignatloD  aa  a  public  dooument. 


Forlv-thlrd  Conxreafi,  second  seeflion,  Hoaso  Ex.  Doc. 

No*.  lOO. 
Forty  •fourth  Congritna.  flrAt  seasion,  llonee  Ex.  Doc 

No.  81. 
Fortvfbnrth  Confn'eaa,  aecond  seiwioa,  Senate  Ex.  Doc. 

No.  37. 
Forty-fifth  Conereaa,   aecond  aession,  Senate  Ex.  Doe. 

No.  12. 
Forty -fl (til  CoufcreM,  third  aessioD,  Senate  Ex.  Doc. 

No.  13. 
Forty-nixth  ConieroAa,  aecond  aeaaion,  Senate  Ex.  Doc. 

No.  17. 
Forty-sixth  CoDgreaa,  thlnl  session,  Senate  Ex.  Doc. 

No.  13. 


JULIUH  EltA8MLT8  Hll<r.AKl).  finperinUndtnt. 


June,  1881 
1882 
1883 
1884 


471,  quarto 
&65,  quarto 
488,  quarto 
622,  quarto 


18 
24 
19 
19 


Fortv-n<^vent1i  Congress,  first  session,  St^nat-e  Ex.  Doc. 

No.  49 
Forty-sovootli  Confrress,   second  session.  Senate  Ex. 

I)o<'.  No.  77. 
Fortyeiuhth  Congress  first  scssitm,  Senate  Ex.  Doc 

No.  20. 
Forty-oiKhtli  Cougrcss,  second  session,  House  Ex.  Doc. 

Na  43. 


NoTK.>-Abstracts  of  tlie  reports  for  1882,  188:{,  Hnd  1884  were  prepan^d  for  early  distribution  and 
publihhed  as  Treasury  Department  documents  3G4,  r41,  and  652  Coa^t  and  Geodetic  Surrey,  each 
abstract  containing  about  20  pages  octavo. 

Fkakk  M.  Tiioux.  Superintendent. 


June,  1885 

1886 

1887 
1888 


516.  quarto 

435,  quarto 

514.  quarto 
566,  quarto 


18 

13 

10 
14 


46 
39 

49 

60 


Forty-uiuth  Congro.ss,  first  session,  House  Ex.  Doc. 

No.  18. 
Forty  ninth  Conierosh,  H«!Oond  session,  House  Ex.  Doc. 

No'.  40. 
Fiftieth  Congress,  first  session.  House  Ex.  Doc.  No.  17. 
Fiftieth  Congress,  sccoud  session,  House  Ex.  Dot:.  No.  22. 


Thomas  Cokwix  Mendrnhall,  Superintendent. 


June,   1880 
1890 


50'J,  quarto 
780,  quarto 


18 
20 


50 
71 


Fi ft  y -first  Con ffress.  first  session.  House  Ex.  Doc  No.  65. 
FiiYy-flrst  Con>(ross,  second  session,  House  Bx.  Doc. 
No.  80. 


NoTK.— For  other  papers  ami  documents  relating  to  the  U.  .S.  Coast  and  Geodetic  Survey,  printed  or 
published  from  the  year  1844  until  the  year  1890,  see  Bibliography. 
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UNITED  STATES  STANDARD  WEIGHTS  AND  MEASURES. 

REPORTS  AND  OTHER  DOCUMENTS. 
1790  to  1800. 


1700. 
Jan.  8... 


July  4 


1791. 
Oct  5 . .. 


1792. 
Apr.  5  .. 


1705. 
Jan.O... 


1700. 
Apr.  12  . 


1819. 
Jan.  25... 


1821. 
Feb  22.. 


1822. 
Mar.  11  . 


NOTS.— The  titles  which  are  here  given  of  papers  haviiie  an  oflSclal 
character  or  a  historical  interest  relatiog  to  U.  S.  Standard  Weights  and 
Meaanres,  and  which  were  printed  or  pablished  between  1700  and  1830, 
have  been  taken  (with  some  slight  changes)  from  Poore's  Descriptive 
Catalogue  of  Government  Publications  of  the  dDltod  States,  1774  to  1881. 


Annual  message  to  Congress.    President  Washington 

[First  Congress,  second  session.) 
The  President  urges  the  importance  of  uniformity  in  the  currency, 
weights,  and  measures  of  the  United  States. 

Report  on  Weights,  Measures,  and  Coinage— By  Thomas  Jefferson,  Sec- 
retary of  State. 

[Ex.  Docs.,  First  Congress,  second  session.] 
On  the  subject  of  establishing  a  uniformity  in  the  weights,  measures, 
and  coins ;  consideration  ui)on  the  use  of  the  pendulum  as  a  meaaure  of 
determinate  length :  recommends  that  the  standard  of  measure  be  an  uni- 
form oylindricar rod  of  iron  of  such  length  that  it  shall  perform  its  vibra- 
tions in  small  and  equal  arcs  in  one  second  of  mean  tune;  weights  and 
measures  in  use  in  Great  Britain ;  reports  of  committoes  of  the  House  of 
Commons  in  1757-50;  examination  of  the  system  of  measures  in  use  in 
the  United  States;  standard  for  coins;  recommendations  for  changes  in 
the  weights  and  measures  in  the  United  States ;  the  measures,  weights, 
and  coius  of  the  decimal  system,  estimated  in  those  of  England,  now  usea 
in  the  United  States. 


and  sise. 


Annual  message  to  Congress 

[Second  Congress,  first  session  .J 
President  Washington  calls  attention  to  the  necessity  of  action  upon 
the  subjflct  of  nnifurmity  in  curreucy^,  weights,  and  measures. 

Report  of  the  Committee  on  Weights  ami  Measures— R.  Izard,  Senator  .. 
[Journal  of  the  Senate,  Second  Congi-oss,  first  session,  pp.  173, 174.  | 
Fixing  a  standard  for  weights  and  measurt^s;  directionn  for  the  scien- 
tific conHlruction  of  a  stantiard  rod  ;  division  of  the  rod  into  five  equal 
{>arts,  one  of  wliich  shall  be  called  a  foot;  measures  in  the  survey  uf 
ands;  units  of  wcijzht. 


Communication  from  Minister  of  French  Republic 

[Ex.  Do<-R.,  Third  Congress,  second  session.] 
Regarding  the  ailbplion  by  the  United  States  of  a  system  of  weights 
and  meiigureH  conformable  to  that  latoiy  adopted  by  France;  detallea  de- 
scription of  the  new  method;  standards  of  mensuration;  standard  of 
weight;  division  of  the  standards  into  decimal  parts. 

Reports  on  Weights  and  Measures— Representative  Carter  B.  Harrison.. 
[Kx.  Docs.,  Fourth  Congress,  first  session.] 
Regulations  of  the  standard  of  weights  and  measures:  divisions  of  the 
pound;  divisiouM  oC  thiit  ounce;  scientific  experiments  to  be  made  by 
scientists  to  be  employed  by  the  Government  to  fix  upon  a  standard  of 
weights  and  measures. 

Report  on  a  standard  of  weights  and  measures— Select  committee  of  Con- 
gress. 

[House  Docs.  No. 100,  Fifteenth  Congress,  second  session.    Vol.  VI.] 

Recommends  that  models  of  the  vard,  bushel,  and  pound,  conforming  to 

those  in  most  common  use,  be  made  under  the  direction  of  a  Commission 

to  b<<  selected  by  the  President,  and  which,  if  satisfactory  to  Congress, 

shall  be  declared  the  standard  weights  and  measures  of  the  United  States. 

Report  tm  Weights  and  Measures— By  John  Quincy  Adams,  Secretary 
of  SUte. 

I  Ex.  Papern,  No.  100,  Sixteenth  Congress,  second  session.    Vol. 
Villi 
Plan  of  a  standard  of  weights  and  measures  to  be  adopted  by  thn 
United  States,  prepared  in  c<»nformity  with  a  resolution  of  the  House  of 
Representatives,  date<l  December  14, 1819. 


Report  on  Weights  and  Measures.    Select  committee , 

I  Reports  of  committees.  No.  65,  Seventeenth  Congress,  first  session. 
Vol.I.] 
The  President  of  the  Unitod  States  should  be  reqneste<1  to  obtain  for 
the  use  of  the  different  States  and  Territories  duplicates  of  the  Euglish 
measures  weights,  eto. 


7. 


12. 


349. 


4. 
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UNITED  STATES  STANDARD  WEIGHTS  AND  MEASURES-Continued. 

REPORTS  AND  OTHER  DOCUM£NTS--Coiitinued. 


1830. 
HAy29.. 


1831. 
Mar.  3  .. 


Apr.  30,  Jane 
18. 


1832. 
Mar.  5.. 


Jane 20 


1834. 
Jnly  and 
Ang.,  and 
Jan.  and 
Feb.,  1835. 
1835.    - 
reb.27 


Deo.  20. 


1R38. 
Jan.  30.. 


Mar.  21 


Extract  fWini  Senate  Joamal : 
On  motion  of  Mr.  Woodbury,  and  by  nnanimooii  consent, 
Resolved,  That  the  Secretary  of  tlie  Treaiiary  be  dlrect«d  to  cause  a 
comparison  to  be  made  of  the  standards  of  weights  and  measures  now 
iisea  at  the  principal  custom-honses  in  the  United  States,  and  report  to 
the  Senate  at  the  next  session  of  Congress. 

NoTB. — The  titles  which  follow  of  the  reports  and  other  docamonts 
re1atinf(  to  United  States  weights  and  measures  have  boon  taken  chiefly 
from  copies  of  the  documents  themselves  on  file  in  the  libraries  of  the 
Coast  and  Geodetic  Survey  and  the  OflBoe  of  Standard  Weights  and 
Measured.  The  greater  part  of  tliem  are  found  in  tliree  bound  voIumt«, 
octavo,  viis:  Coast  Survey  and  Weight  and  Measun^  Documents,  1832 
to  1843;  Congressional  and  Departmental  Documents,  Vol.  I,  1830-1850, 
Vol.  II.  1857-I88P. 

Report  on  Weights  and  Measur(«— By  S.  D.  Ingham.  Secretary  of  the 
Treasury. 

[Senate  Docs.,  Na  74,  Twenty-first  Congress,  second  session.    VoL 
II.] 
Relative  to  comparison  of  weights  and  measures  used  in  custom- 
houses. 

Letters  of  the  Secretary  of  the  Treasury  to  F.  R.  Hassler,  Snperint4>ndent 
United  States  Standard  Weights  and  Measures,  respenling  permanent 
standards  of  weights  and  measures  for  the  Treasury  Department:  the 
manufacture  of  weights  and  measures  for  all  the  custom  houses  in  the 
United  States,  and  the  adoption  of  nnits  of  weight  and  of  capacity. 

An  enumeration  by  Mr.  Hassler  of  the  objects  and  statements  desirable 
to  form  a  collection  of  standard  weights  and  measures  of  foreign 
conntries  for  the  Department  of  State  of  the  United  States. 

Report  of  the  Secretary  of  the  Treasury,  in  compliance  with  a  resolu- 
tion of  the  Senate,  showing  the  result  of  an  examination  of  the  weights 
and  measores  need  in  tho  several  custom-houses  in  the  Uniteil  States. 
[Twenty>Becood  Congress,  first  session,  Doc  No.  299.  House  of 
Representatives.  1 

Correspondence  vrith  the  Secretary  of  the  Treasury,  and  reports  of 
progress  in  the  constrtiction  of  standard  weights  and  measures.  F.  R. 
Hassler,  Superintendent.* 

Mr.  Binney,  from  select  committee  to  which  the  subject  had  been 
referred,  made  the  following  report  on  a  memorial  from  oitisensof 
Philadelphia,  praying  Congress  to  establish  a  standard  of  weights  snd 
measures  througfiout  the  Union,  and  uniform  mo<le  of  applying  and 
conforming  to  the  same. 

[Twenty-third  Congress,  second  session,  Report  No.  182.  House  of 
Representatives.  ] 

Letter  from  the  Secretary  of  the  Treasury,  transmitting  information  in 
relation  to  a  standard  of  weights  and  nieasure-s. 

[Twenty-fourth  Congress,  first  se"sion.  Doc  No.  32,  House  of  Rep- 
resentatives -Treasury  Department.] 

Report  of  the  Committee  on  Commerce  in  relation  to  the  expediency  of 
furnishing  the  States  and  Territories  with  the  standard  weights  and 
measures  selected  and  adopted  by  the  Executive,  to  be  used  in  the  col* 
lection  of  the  revenue  of  the  United  States. 

[Twenty-fourth  Congress,  first  session,  Re|M>rt  No.  259,  House  of 
Representatives.  ] 

Mr.  Pinokney.  from  the  Commitfee  on  Commerce,  submitted  a  report  on 
a  resolution  directing  them  to  inquire  into  the  expediency  of  providing 
for  the  distribution  among  the  States  and  Territories  of  the  same 
standards  of  weights  and  measures  which  have  been  ordered  to  be  pro- 
vided for  the  custom-houses. 

[Twenty-fourth  Congress,  first  session.  Report  No.  449,  House  of 
Representatives.  ] 
Non.— This  is  a  report  substantially  the  same  in  efiiect  as  the  one  of 
January  30,  1836,  and  recommends  the  adoption  of  the  same  resolution. 


pages 
and  sise. 


2,  octavo. 


2,  octavo. 


3,  octavo. 


122,  octavo. 


20,  octavo. 


81,  octavo. 


7,  octavo. 


2,  octavo. 


2,  octavo. 


ilr 


*  Contained  in  volume  with  following  title:  Documents  relating  to  the  construction  of  uniform 
standards  of  weights  and  meaiturea  for  the  United  States,  from  1832  to  1835.  Published  byF.  R. 
Hassler,  superintendent  of  the  work.    New  Tork :  Printed  by  John  Windt,  1838. 
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UNITED  STATES  STANDARD  WEIGHTS  AND  MEASURES— Continued. 

BEPORTS  AND  OTHER  DOCUMBNTS-Gontinaed. 


1836. 

Apr.  30,  and 

May  13, 18. 


Jane  16 


June  17 


July  28  anil 
Auk-  10* 

Ni.v.  10 


1837. 
Nov.  18  . 


1838. 
Julys  .. 


June  29. 


Dec.  19. 


J  line  26 


Nov.  14  . 

1839. 
Nov.  16  . 

1840. 
July  10  . 

Nov.  17  . 

1841. 
Jane  22. 

1842. 
Apr.  5  . . 


Correspondence  with  the  Secretary  of  the  TreaAurv  in  relation  to  a  com- 
parison of  the  Troy  pound  sent  from  England  with  the  Troy  pouud  of 
the  United  States  Mint,  and  relative  to  the  oonstraotion  of  standard 
weights  for  the  United  Stotes  Mint  at  Phibulelphia. 

Letter  of  the  Secretary  of  the  Treasury  to  F.  R.  Hassler,  Superintendent 
of  Weights  and  Measares,  inclosing  copy  pf  a  Joint  resolution  of  <>oa< 
gresH  in  regard  to  the  preparation  or  complete  sets  of  standard  weights 
and  measures  for  each  of  the  States  of  tbe  Union. 


Reply  of  Mr.  Hassler  to  the  Secretary 


Letters  of  Mr.  Hassler  to  the  Secretary  relating  to  the  completion  and 
ilelivery  of  six  sets  of  standard  weights,  one  set  to  tlie  Treasury  De- 
partment and  Ave  sets  for  custom-hoases. 

Report  of  progress  in  the  construction  of  standanl  weights  and  meas- 
ures, by  V.  R.  HasAler,  Superintendent. 

[Tills  reiiort  is  combined  with  tbat  of  the  Coast  Si\^oy.J 

Report  by  F.  R.  Hassler.  Superintendent  Weights  and  Measures,  iipou 
the  establishment  of  the  system  of  ounco  weiglits  for  thio  mints  uf  the 
United  States. 

( AbovQ  furms  part  of  Senate  Doc.  No.  70  and  of  House  Doc.  No.  20, 
Twenty-fifth  Congress,  second  session.] 

Ixitter  from  the  Secretary  of  the  Treasury',  transmitting  a  report  of  F.  R. 
HuHsler,  staling  that  complete  sets  of  standard  weights  and  uieiisures 
for  the  resiH'ctive  States  of  the  Union  have  been  prepared  and  art*  u<»w 
ready  for  delivery. 

[House  Doc.  ifo.  454,  Twenty-llfth  Congress,  second  session— Treas- 
ury Department] 

Report  to  the  Treasury  Department  of  the  United  Stiit<;9  upon  the  con- 
Htruction  and  completion  of  the  standards  of  weight  for  all  the  SUtes 
of  the  Union. 

[House  Doc.  454,  Twenty  fifth  Congress,  second  session.] 

Seventh  report  of  F.  R.  HssHlor,  as  superintendent  of  the  construction  of 
standards  of  weights  and  lue.'isiires. 

[Part  of  Senate  Doc.  No.  4,  Twenty  fifth  Congress,  third  session.] 


pages 
and  size. 


5,  octavo. 

8,  octavo. 

2,  octavo. 
2,  octava 

2,  octavo. 

10,  octavo. 


Upon  the  construction  of  the  standards  of  weights  and  measares 

[Part  uf  Senate  Doc.  No.  15  and  of  House  Doo.  No.  20,  Tweutyaixth 
Congress,  first  session.] 

R<>port  upon  the  completion  of  the  standard  yartl  measares  for  the  re- 
spective States — by  F.  R.  Hassler,  Suiierintendent  of  Weights  and 
Measures. 

[House  Dw:.  No.  261,  Twenty-sixth  Congress,  first  session.] 


Upon  the  constiuctiou  of  standanl  weights  and  measures 

[Part  of  House  Doc.  No.  14,  Twenty-sixth  Congress,  second  session.] 

Report  upon  the  completion  of  the  standard  ounce  weights  for  all  the 
States  of  the  Union— by  F.  R.  Hassler,  Superintendent  uf  Weights  and 
Measures. 

(House  Doc.  No.  33,  Twenty-seventh  Congress,  first  session.] 

Report  upon  the  construction  of  standards  of  liquid  capacity  measures, 
with  descriptions  of  the  apparatus  devised  for  staniutrding,  tables  of 
last  weighings,  and  ultimate  results  of  aiUuatmeat.  With  3  illuatra* 
tions. 

[Senate  Doo.  No.  225  and  House  Doc.  No.  176,  Twenty-seventh  Con- 
gress, second  session.  ] 

Report  by  F.  R.  Hassler  apon  the  works  of  the  establishment  of  uniform 
weights  and  measures  for  the  United  States,  made  upon  a  call  from  the 
select  committee  of  the  House  of  Representatives. 

Letter  from  the  Secretary  of  the  Treasury  transmitting  a  report  of  Prof. 
Hassler,  Superintendent  of  the  Coast  Survey,  the  last  paragraphs  of 
which  relate  to  weights  and  measures. 

[House  Doc  No.  23  and  Senate  No.  11,  Twenty -seventh  Congress, 
third  session — Treasury  Department.) 


0,  octavo. 

1,  octavo. 

2,  octavo. 
6,  octavo. 

1,  octavo. 
4,  octavo. 

26,  octava 


17,  octavo. 
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REPORTS  AND  OTHER  DOCCJMBNTS-CoiitiDued. 


1843. 
Mar.'i  .. 


Apr.,  Jiiue, 
uu«l  Nov., 
ami   J  »  D . 

31. 1881 


1845. 
Feb.  26, 27. 


1810. 
Apr.  2.5  and 
Aug.  7. 


184&0 
July  3U  aud 
Auf;.  12. 


Dec.  12. 


1851. 
Keb.7,10.... 


185(1. 
Deo.  31.. 


18S8 
Deo.  15.. 


1866 
May  17.. 


1867 
Mar.  7..., 


186B 
Not,  15. 


CoinDiitteeon  Commerce  (Mr.  liandall),  to  whom  wan  referred  the  peti- 
tion of  William  Nixon,  reporta  advemely  to  the  adoption  of  the  metric 
aynt^m  of  weifcbte  and  meajsnres. 

[IIouAO  Report  No.  285,  Twenty-seventh  CJongresH,  thinl  sesMion.] 

Reporta  of  F.  R.  Ha^Hler,  as  superintendent  of  the  constructidli  of  atand- 
anls  of  weight  and  measure,  up^m  tbe  progn*a8  of  the  worlcri  iu  tbc 
minrttniction  of  standardn  Hinco  becember,  1812. 

(House  Doc.  No.  94,  Tw»utyeigbth  Congress,  Antt  se-*sion.1 
Iiei>ort  transmitted  to  Congrt^ss  by  the  Se<!retary  of  tlio  Treasury  after 
the  death  of  Mr.  Uassler,  together  witd  a  tabular  statement  of  the  work 
execute<l  for  the  system  of  uniform  standards  for  the  lJuite4l  States  from 
the  beginning  of  the  year  1836  to  June,  1842,  with  tlieir  state  at  that 
epoch,  aud  the  additions  made  until  Novemt>er,  1843.    Six  illustrations. 

Report  of  Alexander  Dallas  Itache,  Superintendent,  on  tlie  construction 
of  standard  weights,  measures,  and  balances  for  the  year  1844. 

[Senate  Doc.  No.  140  and  House  Doc.  No.  150,  Twenty-eighth  Con- 
gress, secoial  sessiou.] 

Report  upon  the  urogress  made  in  the  c^mst ruction  of  standanl  weights, 
measures,  aud  balances  in  the  year  1845,  under  the  superintendence  of 
A.  D.  Bache. 

[Senate  Doc.  No.  483,  Twenty-ninth  Congress,  tirst  session.] 


Nunil>t4r  of 

pages 
and  size. 


32,  octavo. 


23,  octaTo. 


Report  to  the  Treasury  Department,  by  A.  D.  Btiche,  on  the  progress  of  .  '.:9,  octavo, 
the  work  of  constructing  standards  of  weights  aud  measures,  and  bal- 
ances, in  the  years  1846  and  1817.    Four  illustrations. 

[Senate  Ex.  Doc.  No.  73  and  House  Ex.  Doc.  No.  84,  Thirtieth  Con- 
gress, first  session.] 

Repoits  from  the  Secretary  of  the  Treasury  of  scientific  investigations 
in  relation  to  sugar  and  hydrometers,  made  under  the  superintendence 
of  A.  D.  Bache,  by  Prof.  R.  S.  Mc(?alIoch.  Revised  edition  by  oider  of 
the  Senate. 

[Senate  Ex.  Doc.  No.  50,  Thirtieth  Congress,  first  session.] 


Letter  from  A.  D.  Baclie,  Superintendent  of  Weights  and  Measures, 
communicating  a  repoit  of  the  computation  of  a  manual  of  tables  to  be 
used  with  tbe  hydrometers  recently  adopted  in  the  United  States  cus 
tom-houses.     With  six  illustrations. 

[Senate  Ex.  Doc.  No.  28,  Thirty-first  Cougress,  second  session.] 

Re|H>rt  to  the  Treasury  Department  of  progress  made  under  the  superin- 
tendence of  Alexander  J>.  Baclie,  in  tlie  construction  and  distribution 
of  standards  of  weights  and  measures,  aud  supply  of  hydrometers  to 
custom-houses;  also  of  balances  made  and  disti'ib(it«*d  to  tlie  States, 
and  the  laws  severally  onai^ted  therein  relative  to  standard  weights  aud 
measures  from  the  1st  of  January,  1848,  to  the  3l8t  of  December,  1856. 
Six  illustrations. 

[Senate  Ex.  Dm*.  No.  27,  Thirty-fourth  Congress,  third  session.] 

Report  of  tbe  Secretary  of  the  Treasury  communicating,  in  answer  to  b 
resolution  of  the  Senate,  a  report  showing  the  amount  expended  and 
the  progress  made  in  the  Coast  Survey,  and  also  (pn.  222-2/47)  the 
weigiits  and  measures  furnished  the  several  States  au(i  cu-'ttom-houses 
and  their  cost. 

[Senate  Ex.  Doc.  No.  6,  Thirty-fifth  Congress,  second  session,] 

Mr.  Kasson,  from  the  Committee  on  Coinage,  Weights,  and  Measures, 
made  tbe  following  report  ui>ou  tlie    general    subject   of   a  uniform 
system  of  coinage,  weights,  and  measures,  accompanied  by  bills  and 
resolutions  which,  as  acts  of  (/ougress,  were  approved  July  28,  1866. 
I  House  Report  No.  62,  Thirty-ninth  Congress,  first  sessiou.] 

Letter  of  the  Vice*prcsident  of  the  National  Academy  of  Sciences  com- 
municating, in  obedience  to  law,  a  report  of  the  proceiHlings  of  the 
Academy  during  the  year  1866.  Report  on  hydrometers,  densities, 
and  Manual  for  Inspectors  of  Spirit^t,  etc. 

[Senate  Mis.  Doc.  No. 44,  Fortieth  ('ougress,  first  session.] 

Report  by  Benjamin  Peirce,  Superintendent  of  Standard  Weights  and 
Measures,  to  the  Secretary  of  the  Treasury,  upon  the  progress  made  in 
the  construction  of  metric  standards  of  length,  weight,  and  capacity, 
iu  puisuauce  of  a  Joiut  resolution  of  Cougress  of  July  27.  1866. 


168.  octava 


218,  octava 


4,  octavo. 
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UNITED  STATES  STANDARD  WEIGHTS  AND  MEASURES— Continued. 

REPORTS  AND  OTHER  DOCUMBNTS-^Jontiniiwl. 


1871 
Nov.  30. 

1875 
Au^.  17. 

1870 
M&r.  ... 


Mar.  1.... 


1887 


1878 
Mar.21,23,28 


May  8, 18.. 


Juno  11 


1880 
Fob.lU.. 


Mar.  5  ... 


1881. 
Mar.  3  .. 


1880. 
Jan.  29.. 


1888. 
Apr.  26  . 


Ronurt  of  an  examination  of  weifchta  and  balancea  at  the  branch  mint, 
United  Siatea,  San  Franolnco,  Cal.— By  George  Davidaon,  Assistant, 
U.  S.  Coast  Survey. 

Memorial  to  Congress  in  favor  of  an  Tntemational  Burean  of  weights 
ami  ineasnre.1.  Signed  by  F  A.  P.  Barnard,  chairman  committee; 
J.  E.  Hilgard,  II.  A.NewCbn,  J.L.  Smith,  Joseph  Henry.  W.  B.  Rogers, 
BeiiJ.  Pence.  E.  B.  Elliott. 

Ro|>ort  on  tbe  proposed  Intemational  Bureau  of  weights  and  measures 
at  PariM.  Giving  a  concise  history  of  what  has  been  done  by  the  Inter- 
uatiouHl  Conference  -by  J.  E.  Elilgard,  A».4istant,  U.  8.  Coast  Survey, 
and  delegate  from  the  Cuiteil  States  to  the  rnteniationul  Commission. 

Papers  relating  to  motfic  standards  di-stributed  to  the  Stitcn  of  the  Fnion     0,  octavo. 
under  a  joint  resolution  of  Ctmgress  of  July  27, 1806,  including  a  descrip- 
tion of  the  metric  ntandnrds,  with  directions  for  tlieir  use— by  J.  E. 
Ililgnrd,  Inspector  IT.  S.  Standard  Weights  and  Measures. 

Tiie  relation  of  the  lawful  standards  of  measure  of  the  United  States  to     5,  quarto. 
thoMrt  of  Or<>at  Britain  and  France— J.  E.  Hilgard. 

(Published  an  Appendix  No.  22  to  IT.  S.  Coast  Survey  Report  for 
1876. 1 

Comparison  of  American  and  British  standard  yards.-~J.  E.  Hilgard.  33,  quarto. 

(Pul)lished  as  Appendix  No.  12  to  IT.  S.  Coast  Survey  Report  for 
1877.) 

Letters  of  C.  P.  Patterson,  Superintendent  Coast  Survey,  and  of  J.  E.  7,  octavo. 
Hilgard,  Assistant  Coast  Survey  and  InspectorU.S.  Standard  Weights 
and  Measures,  in  relation  to  the  propo.tition  for  making  the  une  of  the 
metrical  s>  stem  of  weights  andmensttresoidi^zatoryinall  governmental 
and  individual  trsnsactions,  embodied,  with  other  statements,  in  a  com- 
munication from  the  Secretary  of  thi.%  Treasury,  in  response  to  a  reso- 
lution ofthe  House  of  Repri'sentativrn. 

[Hou.se  Ex.  Doc.  No.  71,  Forty  tlfth  Congress,  second  session.] I  37,  octavo. 


Number  of 

pages 

and  size. 


Statement  of  J.  E.  Hilgard,  Insnector  U.  S.  Weiehts  and  Measures,  before 
the  Committee  on  Coinage,  Weights,  and  Measures,  of  the  House  of 
Representatives,  concerning  the  standard  weights  and  measures  of  the 
United  StatcH. 

[House  Mis.  Doc.  No.  01,  Forty-fifth  Congress,  second  session.] 

International  Bureau  of  Weights  and  Measures.  Message  from  thePresi- 
dent  of  the  United  States  transmitting  a  communication  from  the 
Secretary  of  State  in  response  to  a  resolution  of  the  House  of  Repns 
sentatives,  In  relation  to  the  convention  for  establishing  an  Ihterna- 
lioual  Bureau  of  Weights  and  Measur<«. 

[House  Ex.  Doc.  No. 90,  Forty-fl^fth  Congress,  second  session.) 

RcfKirt  by  Mr.  Stephens.  Committee  on  Coinage,  Weights,  and  Measures, 
on  the  inetric  system  of  coinage. 

[HpQsc  lieport  No.  203,  Forty-sixth  Congre.ss,  second  session.] 

Report  of  Mr  Vance,  of  Conunittee  on  Coinage,  Weights,  and  Measures, 
on  a  decimal  system  of  weights  and  measures  for  the  English-speaking 
nations. 

[  House  Mis.  Doc.  No.  29,  Forty-sixth  Congress,  second  session.] 

Complete  set  of  standard  weights  and  measures  to  be  furnished  for  the 
use  of  the  agricultural  colleges.    Approved  March  8, 1881. 

(Public  resolution  No. 23.] 
Joint  rc.oolution,  ilirecting  the  Secretary  of  the  Treasury  to  cau!«e  a 
complete  set  of  all  the  weights  and  measures  adopted  as  standards  lo  l>o 
delivered  to  the  Governor  of  each  State  in  the  Union  for  the  nae  ot  agri- 
cultural colleges,  etc. 

Letter  from  the  Secretary  of  the  Treasury  transmitting  letter  from  the 
Superintendent  of  the  Coast  and  Geodetio  Survey,  relative  to  supply- 
ing balances,  weights,  and  measures  to  Territories,  etc. 

[Senate  Ex.  Doo.No.  55,  Forty-ninth  Congress,  first  session.  ] 

Letter  from  the  Secretary  of  the  Treasury'  transmitt  ing  an  est  iuiate  from 
the  Secretary  of  State  of  an  appropriation  to  supply  deficit  for  the  In- 
ternational Bureau  of  Weights  and  Measures. 

iUoase  Ex.  Doc.  Na  283,  Fiftieth  Congress,  first  aesaion.  J 


12,  octavo. 
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BEP0RT3  AND  OTHER  DOCU^BNTS-^ConUnued. 


June  15 . 
Sept  IG . 


Not.  30 


1890. 
Jan.  15  . 


Janaary 


Fob.  18 


MayO 


Bulletin  Na  0  —On  the  Relation  of  the  Yard  t«  the  Metre.  By  O.  H. 
Tittmaun,  Asaistant. 

Appendix  No.  6.— Annaal  Report  of  the  17.  S.  Coaatand  Geodetic  Survey . 
ld8U.    The  relation  between  the  metric  atandard<i  of  len^tli  of  the 
.U.  8.  Coatf t  and  Geodetic  Survey  and  the  U.  S.  Lake  Survey. 

Letter  to  the  Secretary  of  State  tranemittiuK  a  report  upon  the  aubjeot  of 
weljEhta  and  meaauroH  for  the  information  of  the  United  States  dele- 
gatoM  to  the  International  American  Congreaa — by  T.  C.  Mendeuhall. 
Superintendent  U.  S.  Coaat  and  Geodetic  8ur\'ey,  and  of  Woiglita  and 
Mcaauree. 

Yirifiration  of  Weighta  and  BCeasorea— by  O.  H.  TIttmann,  Asairttant. 
(Gnu  plate.) 

[Coaat  and  Geodetic  Sarvey  BuJletin,  No.  1&.  1889] 

International  American  Conference.  Report  of  the  Committee  on 
Weiglite  and  Meaaures,  aa  adopted  by  the  Conference. 

n.  S.  Coast  and  Geodetic  Sarvey.  Office  of  Standard  Weighta  and 
Measurea.  T.  C.  Mendenhall.  Siiperintendant.  Tablea  for  converting 
United  Statea  weighta  and  raeaaares,  metric  and  customary. 

Appendix  No.  10.— 1800.    On  the  relation  of  the  yanl  to  the  metre . .  

[  Republication,  with  additioua.  by  Aaaintant  O.  U.  Tittmaun.  of  his 
paper  iirat  publiahed  aa  Bulletin  No.  15.] 

'  Table  for  the  reduction  of  hydrometer  obaervatlona  of  aalt- water  deusi* 
tiea.    Prepared  for  publication  by  O.  H.  TIttmann,  AHaiatant 
[Coaat  and  Geodetic  Survey  Bulletin,  No.  18. 1890. ] 

Appendix  No.  18.— 1800.    Hiatorical  account  of  United  Statea  atandarda 
of  weighta  and  meaaurea,  cuatomary  aud  metric;  of  the  iucepUou  and 
conatmction  of  the  National  Prutotypea  of  tlie  metre  aud  kilogramme ; 
of  thoir  tranapoTt«tion  from  Puria  to  Washington :  of  thfir  oHicinl 
opening  and  certification,  and  of  their  deposit  in  the  Office  of  Weighia 
and  Meaaurea.    (One  illuatratlon.)    Compiled  by  O.  H.  Tittniann,  Aa- 
aiataut  in  charge  of  the  Office  of  Standard  WelgbtH  and  Meaauros. 
Brief  account  of  the  weighta  and  measures  in  customary  uim  In  the 
United  Statea,  with  tlie  legialation  relating  tiiereto ;  customary  length 
meaaure;  cuatomary  atandard  of  weight:  capacity  meaauroa ;   weighta 
and  meaaurea  for  agricuUuml  colleges;  metric  atandarda;  coi'ffici«*ut  of 
t>xpanaion  of  the  metre  bare;  conatruction  of  the  kilogrammes;  rt^port 
of  Dr.  B.  A.  Gould,  delegate  from  the  United  States  t-o  the  International 
Conference  of  Weights  and  Meaaurea,  held  at  Paris.  September.  1889; 
prototypea  of  the  atandard  metre  and  kilogramme  of  the  Buri^au  Inter- 
national dea  Poida  et  Meaurea ;  report  of  Aaaiatant  George  Davidson  upon 
delivering  one  set  of  theae  prototypea  to  Prof.  T.C.  M7mdenhall,  Super- 
intendent U.  S.  Coaat  and  Geodetic  Survey,  and  of  Weighta  and  Meaaurea  : 
oert.tic^ite  of  Preaident  Bei^amin  Uarriaon  in  relation  to  the  opening  of 
the  national  prototypea  of  the  metre  aud  kilogramme ;  report  of  As- 
aiatant  O.  H.  Tittmann,  upon  the  tranaportation  of  national  jirototype 
metre.  No.  21.  and  nationaa  prototyjpe  kilogramme,  No.  4.   from  Paria  to 
Washington ;  deacriptiona  and  certiflcatoa  of  theae  jtrototypea. 


pagea 
and  size. 


G,  quarto. 


19,  quarto. 


7,  large  octa- 
vo. 


2. 


7,  large  octa- 
vo. 

2,  quarto. 


C,  quarto. 


3,  quarto. 


24,  quarta 


II. 


A  SUBJECT-INDEX  TO  THE  PROFESSIONAL  PAPERS  CONTAINED  IN 
THE  ANNUAL  REPORTS,  IN  THE  BULLETINS,  AND  IN  THE  OCCA- 
SIONAL PUBLICATIONS  OF  THE  U,  S.  COAST  AND  GEODETIC  SURVEY 
FROM  1845  TO  1S90,  INCLUSIVE. 

KEY  TO  INDEX. 


GEODK8Y : 

Base  Hues  and  standards  of  leuj);th. 

ReconnaiHsance. 

Triangulatiou  aud  instruiueuts. 

Time. 

Latitude. 

Longitude. 

Azimuth. 

Arc  mottsures  and  local  deflection  of 
the  ])lumb  line. 

Gravity. 

Geographical  positions  and  projec- 
tions. 

Geographical  explorations. 
IIypsomktky: 

Spirit  leveling. 

Trigonometric   aud    barometric 
heights. 


Surveying: 
Topography. 
Hydrography. 
Physical  u  YDitonRAPiiY : 

Tides,    currents,  winds,    and   shore- 
line changes  due  to  action  of  tho 
sea. 
Gulf-stream  explorations. 
Deep-sea    soundings,    temiicraturcs, 

and  densities. 
Surveys  ami  explorations  of  oyster 
heds. 

TkRUKSTUIAL   MACiNKTISM. 

Astronomy. 
Matiikmatics. 

DhA\VIX(},     EXiJKAVING,    AND     ELECTRO- 
TYPING. 

Mlscellaneous. 


GEODESY. 


BASE  LINES  AND  STANDARDS  OF  LENGTH. 


Year. 

Agpen. 

1 
Pages. 

1854 

35 

103-108 

1855 

41 

264-267 

1856 

60 

308-310 

1857 

2« 

302-305 

1857 

45 

395-398 

1882 

26 

248-256 

Sabject  and  author. 


Base- meoAU ring  apparatuis  description  of,  an  used  in  the  Coast  Survey.  — 
Lieat  K  B.  Hunt,  XT.  S.  Engineers.— (Sketch  54.] 

Preliminary  baseapparatas.—0.0.  Boat elle.—! Sketch  53.] 

Subsidiary  base  apparatus. 
Description  of  a  roodiflcatlon  devised  for  ascertaioiog  the  temperature  of 
rods  in  use.— [Sketch  64.] 

E oping  base,  Maine.— A.  D.  Baehe. 
Notes  on  ilie  preparation  of  site,  meaaorement  of  line,  and  progress,  as 
compared  with  other  measurements  of  the  Coast  Survey.— [Sketch  3.] 


Base  apparatus  for  measuring  subsidiary  IIboh;  description.- 
gard.— [Sketch  69.] 


E.  Hil. 


Base  measoring  apparatoa.— J.  B.  Hilgard. 
ilta  of  experiments  for  determining 
by  heat  of  the  six>metre  standard 
standard  bar  with  six  metres.— [Sketch  49.] 


Kesulta  of  experiments  for  determining  the  length  and  rate  ol  expansion 
by  heat  of  the  six-metre  standara  bar,  with  table  of  comparisons  of 
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A  aubject-index  to  the  prof ewional  papers  contained  in  the  annual  reportSf  etc, — Continued. 


Year. 

*ir 

Pages.  ' 

1864 

14 

120-144 

* 

1805 

21 

187-2P3 

1866 

8 

1 

49-54 

1866 

8 

140 

1 

1867 

7 

134-137 

1868 

7 

133-139 

1869 

6 

105- 112 

1873 

12 

123-131 

1873 

12 

132-130 
130 

GEODESY— Continued. 
BASK  LINES  AND  STANDARDS  OF  LENGTH-CuDtinned. 

Subject  and  author. 


EppiDK  base  line.— 0.  A.  Schott. 
Koportonthe  method  of  computation  and  renulting  conmction  with  the 
primary  triaugulatlon.— (l)  General  rcmarkM  on  the  methml  of  reduc- 
tion; r2)  iuHtrnmeutB  and  methodit  of  horizoutil  moaaurttA  employed 
in  the  triangulation  near  the  Eppinf;  bane;  (3)  doterioination  of  prob- 
able orror  and  weight  to  each  direction  obHeiveil  with  the  30-inch 
tlieodoHte;  station  Howard:  ahstnict  of  n-niaininK  ditl<Tfncfa;  nb- 
Htract  of  lemalniujr  errors;  taldo ;  (4)  detvrntinatinu  of  probable  eiror 
and  weight  to  each  angle  and  direction  fVoiu  obmTvations  with  a 
repeating  circle {  (5)  resnlting  horizuutul  an^'les  from  the  ohnervations 
at  each  station,  with  their  probable  error;  (6)  effects  upon  the  hori- 
Kontal  angles  of  a  difTerence  of  level  l>etween  the  Htat ions  occupied 
and  observed  upon;  (7)  spherical  excess  of  triangles  ;  (8)  residuals  in 
the  sum  of  angles  of  eacu  triangle,  and  their  discussion  ;  (9)  final  de- 
termination of  probable  errors  (and  weightM)  to  each  direction ;  (10) 
relative  value  of  results  from  the  30incn  and  the  10-inch  repeating 
theo<lolites:  (11)  formation  of  the  conditional  equation  of  the  nouagon 
around  the  Epping  base;  (12)  etiuation  of  correlatives  and  normal 
etpuitionff ;  (13)  resulting  correction  to  the  observed  directions  ;  (14) 
complete  a<1.iu.stuieut  of  tlic  nonagon  and  final  directions  ;  (15)  triangle 
side  ciiinpntattons;  (16)  resulting  distances  I'rom  Mount  Desert  to 
Humpback;  (17)  cuuneitiou  of  the  azimuth  mark  with  the  adjusted 
directions.  - 1  Errata,  143 :  1806,  p.  141.) 

Results  of  the  primary  triangulation  of  the  coast  of  New  England,  from  the 
northeastern  boundary  Ui  the  vicinity  of  N(  w  Vork :  length  and  accu- 
racy of  the  Fire  Island  l>ase  linf>;  length  and  ac-oiiracy  of  the  Massa* 
chuM)tt8  base  line;  length  and  accuracy  of  Epping  base  line:  geo- 
detic connection  of  the  three  primary  base  lines  in  Maine,  Massachii* 
setts,  and  New  York  ;  their  degr(>e  of  accordance  and  resulting  accii< 
racy  of  the  primary  triangulation  intervening;  resulting  angles  and 
distances  of  the  primary  triangulation  iKitwecn  the  Kpping,  Haasa- 
chnsetts,  and  Fire  Ibland  base  linos.— [Erratii,  198:  1806,  p.  141.) 

Primary  triangulation  of  the  Atlantic  coast— C.  A.  Schott 
Geoiletic  connection  of  the  two  primary  base  liufs  in  New  York  and  Mary- 
land, their  degree  of  accordance  and  accunM^y  of  the  primary  trian- 
gulation intervening,  with  the  resulting  augles'and  distances  as  finally 
adjusted. 

Length  of  the  Kent  Island  base  line.— ISupplement  to  C  A.  Schott's  report 
on  primary  triangulation  of  the  same  year.] 

Comparison  of  metres.— F.  A.  P.  Barnard  and  H.  Tresca. 
Cou'parison  of  un  iron  metre  forwarded  to  France  by  the  Government  of 
the  IJuiteil  States  of  America ;  Table  I,  the  United  States  metre  upon 
the  comparator ;  II,  the  Conservatoire  standard  ui>on  the  comparator; 
III,  the  I'nited  States  metro,  upon  the  comparator;  IV',  results. 

Full  explanation  of  the  different  successive  oi»eratious  conni^cted  with  the 
meiisiirement  of  a  subsidiary  base  line. 

Connection  of  the  primarv  base  lines  on  Kent  Island.  Hd.,  and  on  Craney 
Island,  Va.,  and  on  the  degree  of  accuracy  of  the  intervening  primary 
and  subprimary  triangnlationa. — C.  A.  Sihott. 
Statistics  of  conditiuns;  linear  discrepancies  in  the  base  lines ;  degree  of 
accuracy ;  final  correction  of  directions ;  adjustment  of  the  snbpri- 
mary  stations:  Cape  Charles  Light  and  North  end  of  measurement ; 
adjustment  of  the  secondary  station.  Hampton  Seminary;  table  of 
Atlantic  series  of  primary  triangles  continned. 


Peach  Tree  Eidge  Itase,  near  Atlanta,  Oa.— (/.  A.  Schott. 
Measurement  of  line  in  1872, 1873,  by  C.  O.  Boutelle  (Sketch  No.  18) ;  condi- 
dition  of  the  apiMiral  us ;  conipiirison  of  the  tubes ;  nynopsis  of  results ; 
table  of  horiioiital  distauc4-H  measured  between  temporary  marks 
near  the  monuments  in  each  of  the  three  measures;  corrected  dis- 
tances; discrepancies  iu  the  thi'ee  measures;  heights  Above  mean 
half  tide;  probable  error  of  computed  length;  comparison  with  the 
accuracy  of  other  base  lines. 

Description  of  the  compensation  base  a]>paratus  of  the  United  States  Coaat 
Survey.— E.  B.  Hunt 
(Reprin tell' from  Appendix  No.  .'ifi,  Coast  Survey  Keiiort  of  1854.) 

Supplement— The  "Borda  theimoim-tei'' attachment 
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Year. 


1870 


1877 


22 


12 


1880 

1881 
1881 
1882 

1882 
1883 

1889 


17 


12 


402-400 


U8-181 


341-344 


354- 3M 

13  I  357-358 

I 

7  107-138 

8  130  140 

11  !  273-288 

I 

i 

6  179-197 


Subject  and  author. 


The  relations  of  the  lawful  standards  of  measure  of  the  United  States  to 
those  of  Great  Britain  and  France. — J.  £.  IIil«rard. 
Measures  of  weight,  of  capacity,  of  length  :  relation  of  yard  to  metres. 
Annex  L  An  act  to  authorise  the  use  of  the  metric  system  of  weights 
and  measures;  measures  of  lenj^th,  of  surface,  of  capacity,  weights. 
Annex  XL  Comparison  of  yards  and  metres. 

Comparinon  of  American  and  British  standard  yards. — J.  E.  Hilgard. 

(1)  Relation  of  the  lawful  staDdaidii  of  measure  of  the  United  States  to 
those  of  Great  Britain  and  France;  measures  of  weight,  capacity, 
lenfcth;  relation  of  yanl  to  metre;  annex  I,  Resolution  of  Congress 
providing  for  tlie  disiributiou  of  wcitehtsaud  measures;  II,  An  act  to 
authorize  the  nse  of  the  metric  system  of  weights  and  meaaares, 
measures  of  length,  surface,  capacity,  weights;  annex  III,  compari- 
son of  yards  and  metn^s:  (2)  description  of  the  Trougbton  88-inoh 
scale:  (3)  description  of  British  standard  yards,  bronze  No.  11,  and 
iron  No.  57. 

Coefficient  of  expansion  of  the  British  standard  yard  bar,  l>ronze  No.  11; 
being  a  new  diseassion  of  the  experiments  of  Sheepshanks  and 
Clarke.— By  J.  Homer  Lane. 

The  relative  expansion  of  bronze  12,  and  Low  Moor  iron;  for  absolute  ex- 
pansionof  bronze  12  and  brafla2;  equations  of  coudition :  recapitula- 
tion; addendum  by  O.  H.  Tittmann;  (5)  relative  lengths  of  bronze 
yard  No.  11  and  iron  yard  No.  57 ;  experimental  comparisons  on  the 
dividing  machine;  comparison  on  line  and  end  comparator;  on  the 
beam  compass  comparator:  oomparisons  of  British  l>ronzeyard  No.  11 
with  the  Imperial  yard  ana  other  standards  of  Great  Brita^ ;  (1 )  com- 
parisons witn  standvds  of  the  Dominion  of  Canada;  abstnictof  com- 
Sarisons  between  No.  11  and  No.  16;  l>etween  No.  11  and  Dominion 
tandard  A;  between  Dominion  Standard  A  and  No.  10;  conipariAous 
with  the  Impt-rial  yard  and  other  standards  of  the  Standard  Oftice, 
Westminster,  London;  rates  of  expansion;  results  of  compariHon  of 
bronze  No.  11  (U.S.)  with  bronze  No.  1  (Imperial  yard);  of  No.  11  with 
bronze  No. 6  (Generator);  of  No.  11  with  C4utt  iron  B  and  C;  tiibula- 
tiou  of  results  of  comparison  between  No.  11  and  foreign  st^uidards; 
(7)  comparison  of  the  Trougbton  scale  with  the  British  bronze 
standard  No.  11;  (8)  concluding  statement. 

Base  apparatus.— J.  £.  Hilgard. 
An  account  of  a  perfected  form  of  the  contact  slide  base  apparatus  used 
in  the  Coast  and  Geodetic  Survey.— [Sketch  82.  Figs.  1  to  8.] 

On  the  length  of  a  nautical  mile.— By  J.  E.  Hilgard,  Superintendent  Coast 
and  Geodetic  Survey. 

On  a  method  of  readily  transferring  the  underground  mark  at  a  base 
monument.— By  O.  U.  Tittmann,  Assislant. 

Description  and  construction  of  a  new  compensation  base  apparatus,  with  a 
determination  of  the  length  of  two  S-metre  standard  bars. — ByC. 
A.Schott,  Assistant. 

Report  of  the  measurement  of  the  Yolo  base,  Cal.— George  Davidson, 
Assistant. 

Results  for  the  length  of  the  primary  base  line  in  Yolo  County,  Cal.  Measure- 
ment in  1881  by  George  Davidson,  Assistant.  Computation  and  dis- 
cussion of  results  by  Charles  A.  Schott,  Assistant. 

Relation  between  the  metric  standards  of  length  of  the  U.  S.  Coast  and 
Geodetic  Survey  and  the  U.  S.  Lake  Survey.— By  C.  A.  Schott  and  0. 
H.  Tittmann,  Assistants. 

Introduction ;  the  Committee  metre ;  the  Repsold  metre  of  1876 ;  the  Berlin 
metre  No.  49,  special  use  of;  the  Toise  du  P6ron ;  reasons  for  present- 
ing results  of  oomparisons;  comparison  of  the  Repsold  metre  of  1870 
(R.M.),  U.S. Lake  Survey,  and  the  Committee  metre  (CM.),  U.S. 
Coast  and  Geodetic  Survey;  description  of  the  optical  beam  compasa 
comparator;  micrometers:  micrometer  values;  illumination;  ther- 
mometers ;  oomparison  of  line  and  end  metres  :  special  device  used 
with  C.  M. ;  two  plates  illustrating  same;  places  of  observation; 
general  adjustments;  diseassion  of  results;  comparison  of  the  coerti- 
dents  of  expansion  of  the  Iron  Committee  metre  (C.  M.)  and  of  the 
Repsold  steM  metre  (R.  M.) ;  commurison  of  the  Repsold  metre  of  1876 
(or  R.M.)  with  the  Berlin  metre  Ma  49  (or  B.M.);  recapitulation  of 
resulting  normal  differences  R.  M.  —  B.  M. ;  comparison  of  values  for 
ooeffident  of  expansion  of  the  Berlin  braas  metre  No.  40  (or  B.  M.)| 
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Year. 


1880 


1889 


1889 
1889 
1889 


1890 


Appen 
uiz. 


10 


17 


le 


Pft£e8. 


165-173 


217-231 


Sa1]Ject  and  author. 


45^-50 
157-169 
479-491 


715-720 


relatioD  of  the  Committee  metre  to  the  H6tre  den  Archives  and  to  the 
new  International  Prototype  metre.  Abstractor  Record  of  Compari- 
aonn:  A.— Record  of  oomparlAons  between  the  Committee  metre 
(O  M.)  and  the  Repaold  metre  (R.  H.).  B.— Record  of  comparisons 
•between  the  Berlin  metre  (B.  M.)  and  the  Repsold  metre  (R.lf.); 
abstract  of  eomparisous  between  C  M.  and  R.  M. ;  abstracts  of  results 
of  comparisons  be^jtwcen  C.  M.  aod  R.  H. ;  flual  abstract  B.  IC  — C. 
M. :  alMtraot  of  results  of  camparisons  between  B.  M.  (Ko.49)  and 
R.  M. 

Bulletin  No.  17.  The  relation  between  the  metric  standards  of  length  of  the 
U.  S.  Coast  and  (Toodetio  Survey  and  the  U.  8.  Lake  Survey.  A 
report  by  C.  A.  Schott  and  O.  H.  Tittmann,  Assistants,  Coast  and 
Geodetic  Survey. 

Report  on  the  measurement  of  the  Los  Angeles  base  line,  Los  Angeles  and 
Orange  counties,  Cal.,  by  George  Davidson,  Assistant. 
Previous  liose  measurements  at  Los  Angeles ;  search  for  base  monuments : 
denirability  of  new  base  measurements ;  recoonoissance  and  examiua- 
tifiu  for  Irase-liue  site;  preparations  for  the  measurement;  general 
location  of  the  Los  Angeles  base  line;  final  location  of  tho  Hue; 
building  the  base  piers;  marking  the  base  stations;  the  reference 
or  witness  msrks  for  the  southeast  l>ase  station;  the  base  line  lev- 
eled aud  preliminarily  measured  with  100  metre  wire ;  balf-kilometro 
marks  and  temporary  marks  on  the  base  line ;  the  movable  cover  for 
tho  base  apparatus ;  the  organization  and  movement  of  the  party ; 
foot  plat4ft  of  the  trestles ;  comparisouH  of  the  base  bars  Nos.  1  and  2, 
and  tiio  tii'Id  standard  No.  2 ;  comparisons  during  the  base  measure- 
ment ;  placing  the  forward  bar  in  posititm :  moving  the  bars  into  line ; 
measure  Ibr  fhictional  bara ;  the  alignment  of  the  bars ;  the  compara* 
iovA ;  the  operation  of  a  day's  measurement ;  the  rate  of  measure* 
ment  of  tlio  base ;  tabulation  of  daily  work;  first  measurement  Los 
Angeles  base  line :  second  measurement  Los  Angeles  base  line ;  thiid 
measurement  Los  Angeles  base  line ;  summary  of  the  statistics  of 
tho  tliroe  measurements  of  the  Lo«  Angeles  base  line ;  exhibit  of 
the  third  measurement  by  days.  lUustrstions :  No.  20,  Markings  of 
ends  uf  primary  l>ase  line,  Los  Ang(>les,  (^al  -.  No.  21.  Hap  showing 
the  gent'ral  lot*ation  of  the  Los  Angeles  base  lino  and  ita  connection 
with  the  main  triangulation ;  No.  22,  Profile  of  the  Los  Angeles  base 
line:  No.  23,  Los  Angeles  base  line,  sketch  showing  movement  of 
party. 

Bulletin  No.  9,  on  the  relation  of  the  yard  to  the  metre.— By  O.  H.  Tittmann, 
A  ssistant. 

Bulletin  No.  15,  Verifies tion  of  weights  and  measures.— By  0.  H.  Tittmann, 
A ssist an t.    (One  ill ustration . ) 

Report  on  the  resulting  length  and  probable  uncertainty  of  five  principal 
base  lines,  measureil  with  the  Baehe-WUnlemanu  compensation  base 
apparatus  between  1847  and  1855. — ^By  Charles  A.  Schott,  Assistant. 
Introductory  remarks :  Part  I— Resulting  lonsth  and  probable  uncertainty 
of  €he  base  line  measured  on  Dauphlne  Island,  Alabama,  in  1847— by 
A.  D.  Bache,  Superintendent  U.S. Coant Survey;  Part II— Resulting 
length  and  probable  uncertainty  of  the  kise  line  measnivd  on  Bodies 
Island,  North  Carolina,  in  1848-by  A.  D.  Bache,  Superintendent  U. 
S.  Coast  Snrvev;  Part  III— Resulting  length  and  probable  un- 
certainty of  the  base  line  measured  on  Edisto  Islaud.  South  Carolina, 
in  1850— bv  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey ;  Part 
IV— Resulting  length  and  probable  uncertainty  of  the  base  line 
measured  on  Key  Biscay ne.  Cape  Florida,  in  IS.'U— b^  A.  D.  Bache, 
Superintendent  u.  S.  Coast  Survey ;  Part  V— Resulting  length  and 
proliable  onoertainty  of  the  base  line  measured  at  Cape  Sable,  Florida, 
m  1855  -by  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey. 

On  tho  relation  of  the  yard  to  the  metre.— By  O.  H.  Tittmann,  Assistant 

Note.- This  paper  is  a  second  edition  of  Bulletin  No.  9,  revised  by  the 
author,  with  statement  of  later  oomparisons.  confirming  his  results. . 
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BBCONNAISSAKCE. 


1850 
1850 

1851 


1832 
185J 

1854 
1851 


1855 

1856 

18:.- 

1657 

1857 

1R57 
1858 


I860 

1860 
1861 
1873 


23 
31 

31 

12 

18 

20 
21 

25 


52 
41 
42 
4) 

44 

34 


1858  .  35 


32 

34 
20 
11 


Page*. 


Satjeot  and  aathor. 


10(^110 
119-120 

488-4M 

87-94 
104-107 

28-30 
30-31 

171-176 


286-289 

379-382 

382-390 

390-391 

392-395 

224 

225-227 

324-328 

356-357 
263-264 
111-122 


Extract  from  the  report  of  Aeaiatant  F.  H.  Oerdea  to  the  Saperintendent 
on  the  rcconnaiAsniice  of  the  Florida  KoyR,  etc. 

Report  aC'Companyiiif;  a  reooonaiftsanco  chart  of  the  weatom  coaat  of  the 
Fnit'Otl  otateo,  from  Monterey,  Cat.,  to  tho  Columbia  River,  Oregon.— 
By  Lieut.  Commanding,  W.  P.  Mc  Arthur,  U.  S.  N.,  Asaistant. 

Florida  coaat  reoonnaiaaance.— F.  H.  Gerdea. 
A,  deacnption;  B,  aurrey ;  C,  tidea  and  currenta;  D,  railroad  acroea  the 
noniuanla:  £,  liehthouaea  and  buova;  F,  general  remarkaon  Cedar 
Keya  Harbor.— [Sketchea  27,  28,  and  29.] 

Extracta  from  the  report  of  Aaaiataut  K.  H.  Gerdea  on  a  reoonnaiaaance 
from  Suwannee  River,  Florida,  to  Delta  of  Hiaaiaaippl. 

Roport  of  Lieut.  Commander  James  Alden,  U.  S.  N.,  on  the  rcconnaiaaance 
from  Kau  Fr.-iiu'laco  to  Sau  Diego,  Includiug  Santa  Barbara  Islauds 
and  channel. 

Extracts  from  the  report  of  F.  II.  Gcrdo.H  on  tho  rooounaiasance  of  the 
coast  of  r^niaiana  in  1854  (MisMisaippi  Delta). 

Extracta  from  a  report  by  W.  K.  Green wo.ll  on  the  general  featnrea  and 
peculiarities  of  the  ooaat  of  Tjower  Texas,  with  auggeations  in  regard 
to  facilitiea  for  navigation,  from  the  harbor  of  the  Brazos  de  San- 
tiago to  the  mouth  of  the  Rio  Grande. 

Florida  Keys. 
Survey  fur  the  General  Land  Office,  including  reports  on  the  general  topog. 
raphy  and  triangulatlon,  on  the  determination  of  the  shore-line,  and 
rooonnaissani'«  of  Barnes'  Sound,  Florida. 

Report  of  the  Superintendent  to  the  Commissioner  of  the  General  I^and 
OHice  on  progress  made  in  the  survey  and  marking  in  quarter  sec- 
tions. 

Florida  Peninsula  nir-line. 
Report  of  a  reconnui<«saiice  made  between  Fernandina  and  Cedar  Keys. — 
By  Capt  J.  IL  Simpson,  United  Statea  Topographical  Engineers. 

Florida  Keys. 
Superintendent's  report  to  Corominsioner  of  General  Land  Office  on  prog- 
ress made  in  survey  and  marking  of  the  keys. 

Coast  of  Santa  Barlutra  Channel. 
Report  of  Snbassistant  W.  M.  Johnson  on  its  topographical  character* 
istics. 

Santa  Barbara  Islands  and  main. 
!      Rt'port  on  the  character  and  progress  of  the  work. — W.  E.  Greenwell. 


£af*tern  coast  of  Florida,  south  of  St.  John's  River. 
Report  of  Subaasistant  J.  Meohan  on  local  characteristics. 

Florida  Keys. 
Suporintecdent'a  reiK>rt  to  Commissioner  of  General  Laud  Office  on  prog- 
reaa  made  in  surveying  and  marking  of  the  keys— Continued. 

Coast  of  Texaa,  embracing  the  ahores  of  Kvpirltu  Santo,  San  Antonio,  and 
Aransas  Bays. 
Report  on  a  reoonuaiesance.— S.  A.Gilbert. 

Corpus  Chrlsti  Bay  and  Lagnna  Madre,  Texas. 
General  desoripti<m  and  oharacteriatioa.— S.  A.  Gilbert. 

Coast  of  Texaa  above  Galveston  Bay.  « 

Extracta  from  a  descriptive  report— Capt  George  Bell,  U.  S.  A. 

Geographieal  and  hydrographical  explorations  on  the  coast  of  Alaska.— 
W.  H.  Dall. 
[Sketch  yo.  17.1  Islftoda  of  Attn,  Bonldyr,  Kyska,  Arochitka,  Adakh, 
Atka,  Amlia,  Four  Cratera,  Agaahagok,  Unalashka.  Sannakb  Reefs ; 
Popoff  Strait:  current  observations;  azimuths ;  positions  and  mag- 
netic declinationa,  Tables  1  to  16:  thermometer,  mean  for  1873;  sur- 
laoe  oX  aea  water;  5  fathoms  below  surface-cut  rent  observations 
made  on  boanl  the  Yukon  during  the  voyage  fruiu  San  Francisco  to 
Unalaabk*.  May,  1873 ;  heighta  of  mountains  determined  in  187^. 
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Year. 

Ajj|,en. 

Pages. 

1885 

10 

4e»-481 

8al]()dOt  and  aathor. 


On  Geodetic  Rcconnaisnanoe.— By  C.  O.  Boatolle,  Apiistant 
Primary  triaoinil*tiun  and  ba»e  lines;  reconnaiaaanoe  for  atationii  of  a 
pnmary  trian|;nlation ;  tableii  of  Taluea  of  carvatnre  and  refturtiun ; 
thret'-poiut  problem ;  two-point  prublem :  computation  of  linc«r  co- 
ordinates: selection  of  stations  for  secondary  and  t«rtiary  triaugoJa- 
tions.-  [Illustrations  27. 28.  J 


TEIANGULATION  AND  INSTRUMENTS. 


1855 

1856 

1855 

1850 
1856 


1860 


1867 

1867 
1868 


1868 


1871 

1873 
187* 
1H75 

1870  i 


67 

58 

59 

66 
61 


35 


10 
7 


8 


15 

13 
15 
17 


361-303 


363-364 


304 


n«iutelle's  tripod  and  scaffold.— G.  O.  BoutoUe. 
I>escrlption  of.  as  constructed  and  used  by  bim  at  the  stations  of  the 
primary  trianjnilaUon  in  Section  V.— [Sketch  52.] 

Fhrley's  signal— J.  Farley. 
Description  and  drawing  of  a  conTenlent  signal  for  obserring  on  secondary 
stations— [Sketch  52] 

Sandn's  beliotro|>e.— U.  F.  Sands. 
Des<'riptionand  drawing  of  a  convenient  signal  for  observing  on  secondary 
St  Htiona.— [Sketch  55.  | 


357-361 


HO  144 

145 
109-139 


291-292  ,  Misaiaaippi  Sound.— J.  E.  Hilgard. 

!      Di'taila  of  the  work  of  triaugulation ;  aignala  and  atation  marka 

310-313    Theodolite  teat -J.  E.Hilgard. 

Examination  and  triala  made  of  a  10-inch  theodolite,  applicable  to  the  teat- 
iiiic  of  instruments  of  like  construction. — Table  I,  readinga  of  every 
10 '^  on  the  circli\  and  determination  of  angular  diatanoe  of  Temiers; 
II,  determination  of  eccntrlcity ;  III,  residual  errors  of  graduation 
and  readings ;  ligurc  of  pivots. 

Repeatiiig  theodolite. 
Supplement  to  the  method  of  testing  (deaoribed  in  the  preoeding  pap«r.)— 
Table  I,  readings  of  every  10°  on  the  circle,  and  detennmatitfn  of 
angular  diatance  of  verniers;  II.  determination  of  eeoeatridtj  i  III, 
reaidnal  errora  of  graduation  and  readings. 

Railways,  on  the  use  of,  for  geodetic  anrveya.— J.  B.  Hilnrd. 
Wheel  recorda;  linear  meaaurement;  rectlfloation  of  currMt  vedafltloD 
of  the  roeaaured  linea  and  angles  to  a  aimpler  ayatem.— [Bketeb  96.] 

Reflector.— J.  £.  Hilgard. 
Deacriptioii  of  a  new  form  of  geodetic  algnala.— (Sketch  16.] 

Memoranda  relating  to  the  field  work  of  a  secondary  triangulation.— 
R.  1).  <;utt8. 
Selection  of  stations ;  namea  of  atationa ;  algnala ;  tripoda  and  scaffolds ; 
underground  atation  marks;  surface  statiofa  marks;  observatloDs 
and  records;  number  of  observations;  limit  of  error;  probable 
error;  reduction  to  center;  correction  for  phase;  oorrectkm  for 
eccentricity;  spherical  excess;  distribution  of  error;  trigonometrleal 
leveling:  coefllcient  of  reftmction:  three-point  problem ;  reotaagnlar 
co-ordinates ;  measurements  of  subsidiary  base  linea ;  reoorda,  ompll- 
cates,  and  oompntationa. 

140-146  {  Method  of  ailjnatment  of  the  secondary  triaugulation  of  Long  Island  Soand.— 
G.  A.  S«'hott. 
Example  of  nxluction  of  angular  measure  of  Shelter  laland ;  final  compu- 
tation and  proof  of  oorrectnesa. 


185  188 

137 

153 

270  202 


20  .    301-399 


Adaptation  of  triangulationa  to  the  varioua  oonditiona  of  oonflgnration  and 
character  of  the  anrfaoe  of  country  and  other  cauaes.— C.  A.  Bchott. 

Interviaibility  of  atationa.-- J.  E.  Hilgard. 

Improved  clamp  for  teleacope  of  the  theodolite.— George  Davidaon. 

Method  of  cloHing  a  circuit  of  triaugulation  under  certain  oonditioBa.— 
G.  A.  Schctt,  M.  A.  Doolittle.    lllnatrationa. 

Adaptation  of  triangulatioua  to  varioua  conditiona  depending  on  the  con- 
flgurution  or  orthographic  character  of  a  country,  and  on  the  degree 
of  accuracy  aimed  at,  with  due  consideration  of' the  time  and  meana 
available;  also  notes  on  the  method  of  ubaerving  borisontal  anglaa 
and  direct ioiia  in  ^0(»detio  aurveya  — G.  A.  Schott. 
I  Reprinted,  with  additiona,  from  Report  for  1871,  Appendix  No.  15.] 
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1877 
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Subject  And  anthor. 


1877 

13 

1877 

1878 

8 

1880 


8 


1W»2 
1882 

1884 


10 
8 


Pftj^ei. 


lU-147     An  oxnintnAtion  of  three  now  20inch  tlioixlolfteii — J.  E.  Hilgard. 

ExamiDntion  of  No.  113 :  of  No%.  114  and  116;  Hubdiviniona  on  Hinb  of  No. 
lU;  of  No.  115;  ezamplo  of  r»rord:  f^raphio  projection  of  c  ain 
(r—f>) ;  cxaroinaiion  of  limb  of  No.  114  :  Tablea  I.  If,  III  (first  net) ; 
TahlcH  I.  H.  Ill  (dKcond  st«t) :  Tablea  I.  II.  Ill  (third  set) ;  residual 
emifrt  of  !;raduation  and  readinc;  exaniiiiation  of  limb  of  Ko.  113; 
TabloH  1. 11.  Ill  (first  art) ;  Table«  I.  II.  Ill  (second  aet):  Tablea  I, 
II,  III  (tliird  Het) :  reitidual  errors  of  jrrad nation  and  reading:  exam- 
ination of  limb  of  Xo.  115:  Tables  I,  II.  Ill  (flrat  aet) :  Tablea  I,  II. 
Ill  (Mocoud  set):  Tables  I,  II,  Til  (third  set);  realdnal  errors  of 
cra<1uation  andrea^linK  :  examination  of  liraba  of  20-inch  theodolitea 
witli  reference  to  periodicity  of  errors  within  !P ;  specimen  of  record 
(No.  1 14) :  moan  value  of  5^  spacea ;  of  dogroea. 

182     Improved  open  vertical  clamp  for  teleacopes  of  theodolitea  and  meridian  in- 
I  Hi niiiieuts.— George  Davidson. 

45     Field  wnr](  of  the  trisnsulatlon.— By  R-  D.  Cults,  Assistant 

I  Iteprinted,  with  additions,  from  the  Coaat  Survey  Report  for  1868.] 

02-118  Primary  trian^uhitiou  between  the  Maryland  and  Georgia  base  lines.— 
(j.A.Sciiutt. 
Arrangement  of  errors  in  closing  triangles,  in  tabular  form:  average  nrob- 
ableerror.  Paper  1.  A(^)nste<l  primary  trianglea  between  Kent  Island, 
Maryland,  and  Atlanta,  Ga. ;  (2)  eatimation  of  the  probable  aocu- 
racy  of  a  trianculation  or  approximate  determination  of  the  averaffo 
proWble  error  of  the  adjusted  difl'eronces;  (3)  paper  by  M.  H. 
Doolittlc;  I,  general  method  of  solntiuu  of  normal  conations:  If. 
addition  of  new  equations ;  III,  order  of  solution;  Iv,  selection  of 
angle  equations;  V,  treatment  of  small  angles ;  example. 

96-109     Geodrttic  night  signals.— C.  O.  Boutelle. 

I      Coiislderalions :  different  kinds  of  lights  ;  conditions  of  the  problem  ;  ex- 

J)«riments  in  North  and  South  Carolina ;  operations  at  Sugar  Loaf 
^fountain  in  1879;  method  of  observing;  c^mparieou  of  day  and 
night  observations;  additional  expen8<«  in  usinjc  ni^ht  signal's;  off- 
seta  to  the  expense  ;  conclusions ;  sketches  Nos.  36, 37. 

151-197     Field  work  of  the  t riangulation,  third  edition.— R.  D.  Cntts,  Assistant. 

109-208     On  the  construrtion  of  observing  tripods  and  acaffolds.— C.  O.  Bontclle, 
Assistants 


1884 


1886 


377-385 


387-390 


441-467 


The  ran  of  the  micrometer. — By  George  Davidson,  Assistant. 
Explanation  of  the  exnresaion  in  rererence  to  an  astronomical  or  geodotio 
instmnient:  conditions  when  a  micrometer  has  and  v^hon  it  haa  not 
a  nin :  dist^nssion  of  formulie  for  the  dotcrmlnntion  of  rnn,  with  ex- 
amples :  tabulat  ion  of  the  micrometer  runs  observed  at  station  North- 
went  Yolo  Base;  tablea  of  the  corrections  for  the  "run  of  micro- 
scope micrometers." 

Connection  at  Lake  Ontario  of  tiie  primary  triangnlation  of  the  Coast  and 
Geodetic  Survey  with  that  of  the  Lake  Survey.— Observations  by 
Charles  O.  BoutoUe,  Assistant.  Discussion  by  Charles  A.  Schott, 
Assistant. 
Probable  errors  of  the  horizontal  directions  of  the  Coast  and  Geodetic 
Survey:  aummaryof  rraulting  directions  at  Mount  Hamilton;  dif- 
ferences in  the  linear  values  of  the  lines  Sodus-Onwego,  Victory -Os- 
wego, and  Clyde- Victory:  difierencea  in  the  longitudes  and  latitudea 
of  the  stations  Sodas  and  Oswego,  and  diflerencea  in  the  azimutii  of 
ttie  line  Sodas  to  Oswego,  aa  det«rralned  by  the  Coaat  and  Geodetic 
Survey  and  the  Lake  Sar\'e7:  oompariaons  of  the  mean  error  of  an 
angle  as  determined  by  each  aurvey :  junction  in  Illinois  of  the  Coaat 
and  Geodetic  Survey:  tranaoontinental  triangnlation  (through  Assist- 
ant Fairfield'a  field  oompntation)  and  the  Lake  Survey  are  of  the  me- 
ridian, vicinity  of  the  Oiney  baae.— [  Illustration  20.] 

Resalts  deduced  fh>m  the  geodetic  connection  of  the  Yolo  baae  line  with  the 
primary  triangnlation  of  California ;  also  a  reduction  aad  adjnstroent 
of  the  Daridaon  quadrilaterals,  forming  part  of  that  triangulatiou.— 
By  Charlea  A.  Schott,  Assistank 
Prefatory  note:  sketch  of  Yolo  base  connections;  description  of  instm- 
nenta  naeid  and  method  of  olmerration ;  abstract  of  the  horixontal 
directions  resnlting  from  the  local  adjustment  at  each  of  the  stations 
composing  the  Yolo  base  net  of  triangnlation;  determination  of 
weighta  to  direotions  in  the  a^ustment  of  the  triangulation :  table 
of  doaing  errors  of  the  triangles  forming  the  Yolo  laiaaft  ^^^'^^^y-_ 
ranged  in  the  order  of  the  aiae  of  tlk«U\a.\i^«a  '«\NXi>^«»vc^icM^^^  «c«5sk 
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Yew. 
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Pages. 


Sabject  and  autbor. 


of  a  direction ;  K^iiintment  of  a  trianf^ulation  net  or  of  conditioned 
obeervatlona:  application  to  tho  ndjiiAtniant  of  the  Tolo  base  net ; 
correlstive  equations;  normal  e(|iiat-ionn  Yolo  base  net  with  sola- 
tions :  dnternnnation  of  the  probable  error  of  tho  a^jnsted  length  of 
the  primary  side.  Mount  ITolnna  to  Moant  Diablo;  triangle  sldecom- 
putation;  tbrronlir  for  the  computadon  of  gomletio  latitudes,  longi- 
tiulea,  and  a/.imutha  Hutliciently  precine  for  sides  of  the  largest  trian- 
gles that  may  be  diretttly  ni'easiired;  dotorminntion  of  standard 
geodet  c  data  for  the  computation  of  geographical  positions ;  geodetic 
or  standard  latitude  of  Mount  Helena,  and  g(*o«letic  or  standard  axi- 
muth  of  d inaction.  Mount  Helena  to  Mount  THablo.  for  the  Davidson 

3nadrilaterals.  geodetic  resnlts  of  the  Davlditon  nuadrilat orals,  intro- 
ucing  the  Yolo  base  into  the  primary  triangolatiou  of  California. 


TIME. 
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18 
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13 
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121 

152-154 
155  159 
55-71 
138-139 
154-157 
2J6-232 
222-226 


DiscQSsion  of  probable  error  of  observation  with  a  Wiinlomann  20  inch  port- 
able transit:  from  observations  by  G.  Davidson  in  1853.  [ Report  of 
1866,  Sketch  29.  ]— J.  E.  Hilganl. 

Report,  wHh  tables,  on  the  doelinationa  and  proper  motions  In  declination  of 
standard  time  stars. — U.  A.  Gould. 

Report,  with  tables,  of  the  positions  and  proper  motions  of  the  four  polar 
stars.— B.  A.  Gould. 

The  transit  in^trunipnt^  description,  use.  adjustment,  and  method  of  observa* 
tion.—C.  A.  Schott. 

New  meridian  instrument  for  time,  latitude,  and  azimuth. — George  Darid- 
son.— [.Sketch  28.] 


266 
156-159 

32 
69 
240-250 
182.183 
103-109 
205-227 


Addenda  to  Appendix  No.  0,  Ck).ist  Survey  Reimrt  for  1866.  on  the  determlna* 
tion  of  time  by  means  of  tho  transit  iustrument. — 0.  A.  Schott 

'  On  the  nae  of  the  senith  telescope  for  observations  of  time,  with  an  example 
of  observation.— J.  E.  Hilgard. 

Determination  of  weights  to  be  given  to  observations  for  determining  time 
with  portable  transit  instrument,  rccorde<l  by  the  chronographic 
method. — C.  A.  Schott. 
Relative  weights  to  tranaits  depending  on  the  star's  declination;  relative 
weights  to  incomplete  transit  observations;  reduction  of  observa- 
tions for  time. 

Improvement  on  the  Hipp  chronograph.— William  Eimbeck. 

Two  forms  of  portable  x>er8onal  equation  apparatus. — ^T.  E.  Hilgard. 
Examples  of  observations ;  observations  for  absolute  personal  equation; 
diagrams. 

Field  catalogue  of  983  stars,  for  time  observations ;  mean  places  for  1870.— 
George  Davidson. 

Star  factors  A,  B,  and  O,  for  reducing  transit  observations.— George  Da- 
Tidaon. 

Description  of  an  apparatns  for  recording  the  mean  of  the  times  of  u  set  of 
observations.    (Diagram.)— C.S.  Polrce. 

Improved  open  vertical  clamp  for  telescopes  of  theodolites  and  meridian 
I  Instruments. — George  Davidson. 

Description  of  the  Davidson  meridian  instrument.— George  Davidbon. 
See  Appendix  Na  8.  report  of  1867,  for  first  [irinted  description. 

Determination  of  time  by  meand  of  tho  transit  instrument.  ( Four  plates.) — 
C.  A.  Schott. 
General  remarks :  description;  at^fostment;  method  of  observation  :  eqaa- 
torial  intervalH  of  threads;  incomplete  transits:  corrections  for  rato 
of  chronometer,  for  inclination,  for  inequality  of  pivots,  for  collima- 
tion,  for  deviation,  for  dinmal  aberration;  personal  equation:  chro- 
nometer correotion :  reduction  of  observations  by  least  squares ;  prob* 
aide  error;  example:  weights;  preparation  for  observing  transits; 
example  of  record  and  computation  of  inequality  of  plTota ;  specimen 
of  record  for  value  of  level  by  level-trier;  tabulation  of  factors;  table 
of  Csctors  for  reduction  of  transit  obserrations. 
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883-472  I  Field ontaloj^iiA of  1278 tim«  andoircumpolar  atiini;  nman places  for  18850.— 
By  (roorjso  Davidnon,  AnBiMtant. 

603-rt(iK  i  KotA  on  a  device  for  abbreviating  tini«>  ri'dnclifmA.— Dj  C.  S.  Peirce, 
AMifltaot. 

213-216  Dosorlption  of  two  new  portable  tranMtn  for  lonsitiide  work.— By  Edwin 
Smith,  AHHiHtant-.  One  illtifitration.  (l*iil>liHhef1  alHo  as  Bulletin 
No.  Hi.) 
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1876 

7 

1877 
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1 
1879 
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LATITUDE. 


44       276-278 


31       324  334 


20       184-186 


17       160-16S 


16  '  NoteB  on  the  une  of  the  zenith  tf-lcflt'opo  in  determining  latitudes  in  Ih'^ 
Coant  Survey  by  Talcott'H  ineth<Ki.  and  on  the  reduction  of  the  oiiHer- 
vationa,  by  A.!).  Bache,  Superintendent  IT.  S.  Oaal Survey.  (From 
the  American  Joarnal  of  Science  and  Artu,  Vol.  XIV,  80C4>nd  MorieA, 
New  Haven,  1852.) 

IVarriptlon  of  WUrdemann's  zenith  teleacope  of  1K55,  nsed  at  Dixmont,  Me. 
-(*.  W.  I>ean. 

Latitude.— On  the  method  of  determination  with  tboKeuitb  telcKCope  — (!.  A. 
Sohott. 
Princ-ipleof  the  method :  determination  of  value  of  micrometer-  -examplea : 
determination  of  value  of  level— example ;  correction  for  refraction — 
example:  reduction  to  meridian— tabfen ;  nelection  of  stars:  nnmre^ 
of  error  in  the  determination  of  the  value  of  micrometer;  metho<l  of 
oorrecting  value  from  the  latitude  olMcrvationa  themHelves;  dinciiH- 
aion  of  the  reauita  of  observation    example. 

Personal  equation.— A.  D.  Racbe. 
On  the  UM«  of  the  zenith  teloHCone  for  determining!  latitude  by  Tnlcott'H 
meth(Nl— table  nhowiii/;  reriuliH  of  nbnervutions  for  per.<M>nalef| nation. 

Keport  on  the  latitude  ofrMoverden  Htation  in  Cambrid/ie  --  -B.  A.  fionld. 
Micrometer  values,  reduction  of  hi  ar  obiter  vat  ious-tablcrt ;  diitcrenancieA 
with  uncorrected  catHlotrne  idacea — table;  resultant  mean  plAccs  of 
stars,  etc. -table:  deduced  placcH  for  (Moverden  station— tablf; 


error;  other deteiminationA. 


mean 


10  '        72-8.'>  j  Latitude  by  the  zenith  tdcscope.— C.  A.S<'bott. 

(1)  General  remsi I ks  on  Taktott'n  met hml;  (2)  modification  of  iuHtniment; 
(3)  description;  (4)  adju8tuiciit:  (5)  seb>ction  of  stars  for  obnorva- 
tion:  (6)  directions  for  obHervliiC;  (7)  off  the  meridiiin:  (8)  general 
expression  for  the  latitude:  (9)  determination  of  the  value  of  a  division 
of  micrometer:  (10)  of  level:  (11)  correction  for  differential  refrac- 
tion; (12)  reduction  to  the  iDoridian;  (13)  record  of  the  observations; 
(14)  reduction  of  the  oliservutions;  (15)  dii^cusslon  of  the  results; 
(16)  combination  uf  the  re:'tilts  by  weifibt.— Examples  to  articles  0, 
10, 13.  and  14.-  [Sketch  28.] 

l.'tS-l.lO     New  meridian  instTument  for  time,  latitude,  and  asimuth.— George  David- 
I  son— [Sketch  28.} 

138  ,  List  of  stars  for  latitude  observations. 

83     A  catalogue  of  starj  for  latitude  observations. 

182-183     Tmprove<1  open  vertical^lamp  for  tele^copA  of  theodolites  and  meridian  in- 
I  struments.— George  llavidaon. 

103-109     Description  of  the  Davidson  meridian  Instrument.  -Georce  Davidson. 
See  Appendix  No.  8,  Report  of  1867,  for  Hrnt  printed  description. 

215  2ri9     Latltnde  determination  by  means  of  the  zenith  telescope.— C.  A.  Schott. 

(1)  General  rema/ks  on' Talcott's  method;  (2)  uifNliMcntion  of  iustrnment: 
(3)  description:  (4)  nfljii.stnicnt :  (5)  >irlfriion  of  Htars:  (6)  dirertions 
for  observiiij::  (7)  blftcction  of  Ptnr^  oil' tlie  mendlnn;  (8)  general  ex - 

Sression  for  latitude:  (9)  determination  of  value  of  mirrometer:  (10) 
etermination  of  value  of  level :  (ID  differential  refraction;  (12)  re- 
duction to  the  meridian;  (13)  form  of  record ;  (14)  of  re<luction;  (\fi) 
ili«ciif>Hion  of  results;  (10)  combination  of  results  by  weights.— £](- 
amples  to  articles  9, 10, 1:1^  and  )4. 
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Ajjjo. 
13 

Pages. 

1888 

465-470 

1888 

14 

471-W3 

1889 

137-142 

Subject  and  author. 


Differential  method  of  compating  the  apparent  places  of  stars  for  determi- 
nations of  latitude,  oy  £.1).  Preston,  assist^int. 

Determinations  of  latitude  and  gravity  for  the  Hawaiian  Government,  by  B. 
D.  Preston,  assistant. 
[For  abstract  of  contents  see  under  "Gravity.") 

Bulletin  No.  11.— An  abstract  of  above  paper  published  in  advance  of  the 
appearance  of  the  full  paper  in  the  report  for  1888. 


IX)NOITUDE. 


1810 

10 

•1816 

11 

1848 

1818 

4 

1848 

10 

1848 

1849 

5 

1850 

6 

1850 


1851 
1851 
1851 
1853 

1853 


1853 


71-72 

11  72-74 

>  6 


32 
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112-118 

13 


72-78 
74 

79 


13  85-89 


18  :  402-463 

25  476-479 

26  480  481 
31  81 


84-86 


33  80-88 


Differences  of  longitude  of  Philadelphia  and  Greenwich,  by  reduction  of 
observations  at  Cambridge,  Mass.— S.  C.  Walker. 

Differences  of  longitude  by  telegraph.— S.  C.  Walker. 
Correction  for  personal  equation. 

Letter  from  Professor  Bache  to  the  editor  of  the  Astrononiische  Nacfarichten. 
dated  at  Washington,  Febmarv  7,  1848,  iind  communicating  a  repoit 
of  Prof.  Bears  C.  Walker  of  November  10, 1847,  »n  the  results  oh. 
tained  in  the  Survey  of  the  Coast  of  the  United  Sutes  for  differences 
of  longitude  by  the  electro-magnetic  t«legraph  — Prof.  8chuQiacher'(« 
Astronomische  Nachrichton,  No.  632. 

Recapitulation  of  results  for  personal  equation,  1844-1848.— S.  C.  Walker. 

Longitude  computations.— 8.  C.  Walker. 

Letter  of  A.D.  Bache,  Superintendent  U.  S  Coast  Survey,  to  the  Secretary 
of  the  Treasury,  dated  December  20, 1848,  communicating  a  report  by 
S.C.  WalKer,  on  an  application  of  the  galvanic  circuit  to  an  astio* 
nomical  clock  and  telegraph  register  in  determining  local  differences 
of  longitude  and  in  astronomical  observations  generally. 
[House  Ex.  Doc.  No.  21,  Thirtieth  Coogiess,  second  session.] 

Mechanical  record  of  astronomical  observations.— Prof.  OM.  Mitchel. 
Revolving  disk;  arrangement  for  recording  differences  of  declinations, 

Differences  of  longitude  between  Cambridge  and  Liven^ool  observatories. — 
W.  C.  Bond. 

Telegraphic  operations  and  computations.— S.  C.  Walker. 
I,  Experiments  for  galvanic  wave  time  l)etween  Washington  and  St. 
Louis;  II.  attempted  experiments  on  wave  time  through  different 
conductors:  III,  experiments  with  the  chemical  telegraph  line:  IV. 
progress  of  the  researches  on  the  velocity  of  the  galvanic  current; 
the  Bond  spring  governor. 

Telegraphic  arrangement  to  determine  the  difference  of  longitude  between 
Cambridge  and  Halifax.  -S.  C.  Walker.     ' 

Measures  of  wave  time,  made  from  1849  to  1851.— S.  C.  Walker. 
Specifications  ami  tables  of  results. 

Abstract  of  reports  on  longitudes. — S.  C.  Walker. 
By  mopn  culminations,  eclipses,  transits,  occultations,  and  telegraph. 

On  longitude  from  moon  calminations.— Benjamin  Peirce. 
On  the  determination  of  longitude  from  observation  of  moon  culminations ; 
standard  probable  error  of  observation  of  interpolated  lunar  transits: 
constant  errors  of  epoch  and  periodical  one  of  half  lunations. 

On  moon  culminations  observed  bv  the  "American  method,"  with  remarks 
on  the  performance  of  Bond  s  spring  governor.— W.  C.  Bond. 
Comparison  of  records  made  by  two  spring  sovemors  differing  one<tenth 
of  a  second  in  time  of  vibration  of  their  respeotive  pendulums; 
table  of  star  transits;  amount  of  probable  errors. 

Telegraphic  longitude  of  Charleston,  S.C.— B.  A.Gonld. 
Results  of  observations  for  the  determination  of  difference  of  longitude  by 
telegraph  between  8eatun  station  (Washington,  D.C.)  and  Chariea 
ton,  8.  C. 
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286-295 


163-166 


21       167  181 


22  181 

23  182-191 


24  -    191-197 


198-203 


Subject  ADd  author. 


CMnbridge  and  Liverpool  chronometer  expeditions  in  1849, 1850,  and  1851.— 
G.P.Bond. 
ComputationB  of  reaulta  for  determininjc  difference  of  longitude. 

Lonfntnde  by  moon  culroinatione.— Benjamin  Peirce. 
Greneral  considerations;  constant  errors  and  porrional  eqantions;  correc- 
tion of  the  lunar  ephem<iiris ;  standard  probable  error  of  observation 
■  of  a  lunar  transit;  limit  of  accuracy  attainable;  longitude  of  the 
National  Observatory,  Wasliiugton.  D.  C;  three  forms  of  correcting 
lunar  ephemeris  and  the  mooes  of  computation.— [Errata,  112, 113, 
114,115.117:  1855,  p.  xix.] 

Moon  culminatinus. — W.  C.  Bond. 
Observed  by  the  American  method;  chronometric  longitude  of  Cambridge 
and  probable  error. 

Moon  culminations.— E.O.  Kendall. 
Observed  at  Hi;!h  School  observatory,  Philadelphia. 

Discussion  of  probable  error  of  observation  with  a  WUrdemann  26incb 
portable  transit  From  observations  by  G.  Davidson  in  1853.  [See 
illustration  No.  29— Report  1866  ]— J.  E.  Hilgard. 

Telegraphic  lonsitnde.- B.  A.  Gould. 
On  telegraphic  observations  for   the   difference  of  longitude   between 
Raleigh,  N.  C,  and  Columbia,  S.  C. 

Chronometric  longitude  expeditions  (Cambridge- Liverpool). — G.  P.  Bond. 
Results  of  the  cxpe^iitions  of  18i9.  1850,  and  1851,  and  on  the  method  of 
computation.— [Errata,  140:  1855,  p.  xix.] 

Longitudes. — Report  on  the  mt^thod  of  determining  longitudes  by  occulta- 
tions  of  the  Pleiades.— Beujamin  Peirce.  [Errata,  268,  209^  270,  272, 
273:  1855,  p.  xviii.) 

Chronometric  longitudes. — W.  C.  Bond. 
On  moon  culminations  ob.nerved  by  him.  and  the  chronometric  expedition 
for  determining  the  longitude  diffen^nce  between  Cambridge,  Mass., 
"and  Liverpool,  England.— [Errata,  275:  1855,  p.  xviii.] 

Telegraphic  longitudes.- B.  A.Gould. 
Report  on    telegraphic  operations  for  difference  of  longitude   between 
Columbia,  .S.  C.,  aiul  Macon,  Gn. ;    programme  of  t^^legraphic  cam- 

eaign;    for   iuHtrumental    corrections    and    longitude  reductions* 
attery  memoranda;  to  put  up  Kessel's  clock.— [Errata,  288:  1855, 
p.  xviii] 

Telegraphic  longitudes.  — B.  A.  Gould. 
Operations  for  dilference  of  longitude  between  Wilmington,  N.  C,  and 
Montgomery,  Ala.,  with  list  of  stars  for  observation. 

Telegraphic  method  of  determining  differences  of  longitude.— G.  W.  Dean. 
Details  of  the  method  used  in  the  Coast  Survey  for  telegraphic  det4>ruii- 
nations  of  difference  of  longitude;  transit  instrument;  astronomical 
clock ;  chronographic  recister ;  batteries ;  list  of  stars  arranged  from 
the  British  Association  Catalogue  for  determining  the  difference  of 
longitude  between  Macon,  Ga.,  and  Montgomery,  Ala.,  March,  lt<56: 
«Kchange  of  star  signals;  reading  off  the  chronographic  sheets; 
example  of  reduction;  obsewations  for  determining  the  inequality  of 
the  pivots  of  Coast  Survey  transit  No.  8;  personal  etiuations. 
(Sketch  66).— [Errata,  169-170:  1856.  p.  xx  ] 

Chronometric  and  astronomical  longitudes.— W.C.  Bond. 
On  longitude-computations  and  ocoultatlons  observed;  lunar-spot  transits. 

Chronometric  resiilts. — G.  P.  Bond. 
Results  of  the  chronometric  expeditions  of  1849,  1850, 1851,  and  1855  for 
difference  of  longitude  between  Cambridge.  Mass.,  and  Liverpool, 
England ;  table  of  longitudes  by  voyages  of  1855. 

Pleiades.— Benjamin  Peirce. 
On  the  determination  of  longitude  by  occultations  of  the  Pleiades ;   for- 
mulas for  the  correction  of  the  co-ordinat«8  of  the  stars;   table  for 
1840 ;  table  of  logarithms  for  h  and  k  for  the  principal  observatoiies. 

Lunar-spot  transits.— C.  H.  F.  Peters. 
On  the  substitution  of  lunar  spota  for  the  moon'a  UdelV^  v^  «5^%Kc^f>;&.^^>^'' 
minationa. 
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1837 
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203-208     OcciiltatioDfl  on  the  wefttem  coant-^v.  Davidoon. 

Observations  made  at  Port  Townseud,  Wash.  Ter.,  April  and  May,  1856: 
tables  and  remarks. 


18D7  i         27 


28 


18o7  i         20 


305-310     Telegrapbic  lonjsitiides.  —On  the  progreos  made  in  the  different  campaigns.— 
B.A.<ron1d. 
I      List  of  lime-stars  adopteil :  difticuUies  and  discrepancies  of  transmission 
!  for  signals  lietween  Wilmington,  N.  C,  and  Columbia,  8.  C. 


310,311 


311-314 


1E58 

21  1 

185R 

23  , 

1 

1830 

21  ! 

1 

Moon  culminations. — W.  C.  IU>nd. 
On  the  numl»er  olmerved  during  the  year  at  Cambridge,  co-operative  witii 
those  on  the  Pacitli'  side:  star-occultation  photographs;  connertion 
with  Quebec. 

Longitude  methods.— Kcnjaniin  Pelrce. 
Ou  the  relative  precision  of  determinations  by  occnltations  ami  solnf 
ecllpttes:  upon  the  use  of  the  solar  e<:Iipses  :  upon  the  occultations  of 
the  Pleiades. 

Chrouometric  determination  of  the  difference  of  longitnde  l»etweon  Savan- 
nah, <ia.,  aud  Fernandina,  Fla.,  and  diin'ossion  of  the  metho<l.— A.  D. 

:  Itache  and  C.  A.  Schott. 

!  ("bronometers  used:  pergonal  e<iuation:  temperature  rompt-nsation : 
chronometer  compariAOu»— tanle;  stationary  and  traveling  rates; 
tables  of  c-omparison  and  discussion. 

186-180     Ijongitndos.—Methot^  of  computing  from  moon-cnlmioations;  notes  on  ob- 
servations of  moon-culminations ;  forms  aud  example. 

190     Mo«)ncnlminations.  etc— ().  M.  Mitchel. 

Numlter  of  observations  made  by  him  for  the  Coast  Survey. 


30      314-324 


278 


16  I    182-105 


196-221 


1801 

18 

221-232 

1802 

12 

155, 156 

1862 

13 

157. 158 

1862 

14 

158-160 

i 

1863 

17 

14MM 

1863 

18 

i 
154-156 

1803 

23 

206 

Monn-culminations.  - O.  M.  Mitchel. 
Observations  made  for  the  Coast  Survey  at  the  Cincinnati  Observatory  for 
longitude  purposes. 

I/<mi:itude. — llcniamin  Peirce. 
l)iscuM4iou  of  oi»9ervations  of  the  solar  eclipse  i»f  July,  1851-:  observations 
of  the  total  pha<e;  Kuropean  obser^'ations.  of  which  the  beginning 
and  tlieend.  lH>th  observed  at  the  sainc^  plac-e.  have  been  admitted 
into  the  computatiou ;  American  observations;  method  of  computa- 
tiou. 

Report  on  the  deU'ruunation  of  longitude  by  oocnltations  of  the  Pleiades, 
with  an  example  showing  the  mode  of  computation:  Greonwirh. 
('ambridge  (England),  Ashnrst,  Washington  City,  Philadelphia,  ami 
Bost4>n  observatories  computet!;  solutions  of  th«*  equations  for  the 
correlation  of  the  moon's  place  and  of  the  longitude. 

Longitude  of  Ali>any,  N.  Y.— B.  A.  Uonld. 
Abntrnrt  of  a  report  on  the  dntermination  by  telegraph  of  the  difference 
of  longitude  bet  wtHsn  New  York  City  and  Albany:  table  of  instm- 
mental  corrections:  colliniation  and  azimuth  correction,  and  hourly 
clock-rate:  personal  equations;  comparative  table  of  longitude  rosnlta 
at  the  two  stations. 

I^nzitude  of  America  from  Europe.— Beniamin  Peirce. 
On  the  result  from  o<'rnllations  of  the  Pleiades. 

Lunar  table^i  used  in  reducing  observations  of  the  Pleiades  for  longitude. — 
Benjamin  Peirce. 
On  their  progressive  improvements. 

Longitudes  in  Maine,  Alabama,  and  Florida.— B.  A.  Gould. 
On  progress  in  computing  results  from  teli>graphic  observations. 

Occultations  of  the  Pleiades  in  1841-42.  -Benjamin  Peirce. 
On  computations  for  longitnde,  Nos.  I,  Il.and  V;  rm'ords  of  Edinburgh, 
Washington,  and  Cambridge  observations ;  ephemeris ;  stereograpbio 
oo-ordinates  of  the  moon  reft^rred  to  Alcyone:  equations  for  the  cor- 
reotion  of  the  moon's  place  aud  of  the  hmgitnde :  solutions. 

Longitude.— B.  A.  Gould. 
On  computations  connected  with  the  telegraphic  metho<I. 

Induction-time  in  relay-magnets.— G.  W.  Dean. 
Report  on  experiniouta  naade  to  dctermiue  their  relative  power* 
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Subject  and  aathdr. 
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12 
13 


Longitude. —Benjamin  Peirce. 
On  the  method  of  determining  longitadea  by  occultationB  of  the  Pleiades. 

On  reaolta  by  telegfaphic  method.-  B.  A.  Gould. 

Eductiuo-time  of  relay- maguetii,  deduced  from  experiments.— Q-.  W.  Deaii. 

Report  on  the  pt^igress  of  determining  longitude  from  occuUationa  of  the 
Pleiadeti,  continued  from  previous  reports.— Beojamin  Peirt-e. 
Values  of  l^-p  (ut  1838-*42  and  1857  '61. 

Method  of  determinin jt  longitude  from  the  occultations  of  the  Pleiades,  con- 
tinued from  previous  reports. — BeDLl^Diin  Peirce. 
Corrections  of  lunar  semidiameter,  mean  place,  ellipticity  of  orbit,  longi- 
tude of  perihelioti,  ooeflScient  of  annual  parallax,  and  longitude  of 
Europe  and  America ;  example. 

Report  on  the  results  of  detetmiuing  longitude  by  telegraphic  method.— 
B.  A.  Qonld. 

f 

The  transit  instrument,  deecription.  use,  adjustment,  and  method  of  obser* 
vatiou.— C.  A.  Schott. 

Longitude.-  [feVom  Report  for  1846.]— S.  C.  Walker. 
Difference  of  longitude  between  Philadelphia  and  Greenwich  by  reduction 
of  Cambndgo  (Mass.)  observations. 

Longitude.— [Report  for  1846.]— S.O.  Walker. 

LonKitude.— IFrom  Report  for  1848.1— S.C.  Walker. 
Difference  of  longitude  between  New  York,  Cambridge,  and  Greenwich. 

LoDi{itndes.-f  From  report  for  1860.1— S.  C.  Walker. 
(1)  KxperimeutM  for  galvanic-wave  time  between  Washiuston,  D.  (^,  and 
St.  T.4>ui*«.  Mo.:  (2)  attempted  experiments  on  wave-time  Ihrongh 
dilierent  conductors;  (3)  experiments  with  the  chemical  telettrapb 
line;  (4)  progress  of  the  researches  on  the  velocity  of  the  galvanio 
current. 

(ialvanio-wave  time.— [From  Report  for  1851.]— S.C.  Walker. 
On  measurenieuts  from  1849  to  1851,  with  tables. 

longitudes.— [  From  Report  for  1851.  ]  — S.  C.  Walker. 
Abstract  of  reports  on  longitudes,  by  moon  culminations,  by  eclipses,  tran- 
i  sits,  and  occuliations,  by  chronometer  expeditious,  auu  by  telegi-Mphic 

'  operations. 

57-133     On  the  longitude  between  America  and  Europo  from  signals  through  the 

I  Atlantic  cable.— B.  A .  Gould. 

( 1 )  Origin  of  the  Coast  Survey  expeditions  in  1865^and  1 866 ;  (2)  previous  de- 
terminationsof  transatlantic  longitudes lYum  eclipses  and  occultations; 
from  moon-culminations ;  from  chronometers  transported  from  Boston 
to  Liverpool:  (3)  history  of  the  expedition  of  1866;  programme  of  trans- 

i  atlantio-longitude  campaign ;  (4)  observations  at  Valencia ;  table  of 

e<iu»torial  intervals ;  table  of  obsei  vat  ions.  October  25  to  November 
16,  1866;  (5)  observations  at  Newfoundland.  October  25  to  December 
16,  1866;  (6)  observations  at  Calais,  December  11  to  18. 1866;  (7)  lon- 
gitude-signals between  Foilhommerum  and  Hearts  Content ;  clock- 
oorrections:  transatlantic  longitude  and  iransmission  time,  October 
25  to  November  0,  1866;  (8)  longitnde-signalH  between  Hearts  Con- 
tent and  Calais;  tables  of  Newfoundland  and  Calais  signals;  tables 
of  longitude  and  times  of  transmission :  (9)  personal  error  in  noting 
aignals;    (10)  personal  equation  determining  time ;  (11)  final  results 

I  for  longitude ;  (13)  velocity  of  transmission  ;  cables  of  1866  and  1866 ; 

tables  of  compariaon. 
[Published  also  by  the  Smithsonian  Institution,  Washington,  1869.] 

I 

luo     Results  of  the  telegraphic  determination  of  the  longitude  of  San  Francisco, 

Cal. 

1 

101  IUO  Abatracts  of  results  for  difference  of  longitude  between  Harvard  Obnerva- 
tory,  Massachusetts,  the  Co*st  Survey  station.  Seaton,  and  the  Naval 
Observatory,  Washington,   D.  C,  as  determined  by  means  of  the 

I  electric  telegraph  in  1867  by  the  U-  S.  Coast  Survey,  with  the  co. 

operation  of  Prof.  Joseph  Wiulock.  Director  uf  Harvard  Obsei  vatory, 

1  and  Commodoie  B.  F.  sands,  U.  S.  N.,  Superintendent  Naval  Obaei^- 

I  atoiy. 
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1872 
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13 


1873 


1874  ' 


I'agofl. 


Subjci-t  and  Author, 


227  234 


I 


E. 


437  477 


I'rolimiiiHrv  it'poit  on  the  dft«MniiuAtiou  of  trauHutlautic  luu^^itudeH.    -J 
Uili^urd. 

Brc.'^t.lTrtH'Uwicb.  Puria:  rcHult^iifubHcrvatiou  for iM*n*nual  «'quatiou  ;  Ion- 
lEitiide.s:  Uroht-iJirenwifli,"  Bri»8t  PariH,  Orcenwich-Parifl;  Bri>At*St. 
Pierrr-CainbridKt* :  Harvard  Observatory-Urecuwicb;  Waabingtou- 
(irvcDWii'h  ;  Wasbinxton-Pari.s. 

()n  tbe  dcteruii nation  of  f  rausatlantii:  lou|(itoilcs  by  Dieans  of  tbe  telegrapbio 
t'ableH.  -  By  Prof.  Joiff pb  lA>Vf rin^e,  of  Harvaid  College. 
Sniitbsoulau  CoDtribiitiou  to  Knowledge,  No.  223. 


18 


1875  « 


'^ 


wicn;  A,  pertMiuai  nqiiuiinn,  niHKe-roiam:  jvi.  personal  4>quai 
lilake-iiit^euwii'h  ntandurd  obriervcr,  and  lon^^itadt^ Greenwich  Ps 
XIl,  jier^onal  equation  of  CoaM  .Survey  idmeiverM;  XIIL.  llexui 
transit  axin  ;  XlV,  tiual  dinruHsion  of  Ibi*  renultr*  for  lougitnde  di 


1C3  247  I  TiitnHatlantir  longitudes.    J.  E.  Hilgani. 

Final  report  on  the  determination  of  1872,  with  are'\iew  of  provioua  de* 
terniinatiouM. 

Part  I-Se»tion  I.  ( 'ambrldge ,  II,  St.  Pierre  :  lII.BreHt;  IV,  Pari^-Qreen 
wich;  V,  (Tanibridge-St.  Pierre;- VI,  St.  Pierre  Brent;    programme 
lor  eahlv  exohangea ;  V I L,  p«-riM>na1  error  in  noting  cable  time  aignala  : 
VJII,  wave  time  of  eable  fignalH :  IX.  BrcHt-PariH  and  Bre<<t-Cfreeu- 
wich;  X,  pertMinal  equation,  lUake-FoIaiu:  XI.  peraoual  equation, 

'*ariH: 
ire  of 
differ- 
entA-rt.  Bleat,  (irecnwich,  Paritt:  XV,  final  combination  of  the  lougi- 
tiido  dill*ereuce8  deduced  from  the  obHervation.'t  of  1K72, 187U,  and  1866; 
tiiially  adopted  loutiitndeH  from  obrtervutiimti  of  I860, 1870,  and  1872. 
182  ,'  Part  II  VUMlnctiim  of  the  obHer  vat  ions  madt^  lor  the  transit  Inutic  lougi- 
tiidif  determination  of  1H72;  computation  of  obHervationa  for  clock 
and  iuHtrumeutal  rorrectioUH  at  ('nmbridge.  MaM.,  1872:  Cambridge 
clofk.  r.orrei-tionH.  fioni  Hlara  of  lena  than  0£  '  N.  det^linatiou  ;  compn- 
tiition  uf  obovrvatiouH  for  cWk  and  inntrumental  corre<:tion  at  St. 
Pierru.  Mitjiielon,  1872  ;  St.  Piem*  cltM'k  coiTectioU8,  fitini  atura  of  leiut 
tliiin  05^  ^.declination:  adopted  clock  corret.-tlouM,  C^ambridge  and 
St.  I'ierre  at  the  epoeha  of  exchanging  longitude  HignalH ;  talde  of 
Huch  clock  correctioDH  u^d  rates  at  St.  Pierre  an  relate  U*  the  h)ucl- 
tudo  detennination  with  Brent;  computation  of  observatiouH  H>r 
clock  and  instrumeulal  corriictiona  at  Bient,  Parin.  and  Green wicb  ; 
adopted  chronometer  corrections  from  all  Hturs  south  of  60^  N.dei-U- 
nation:  errors  and  rates  of  the  sidereal  standard  cliM'k  of  the  Koyal 
Observatory  at  Greenwich,  connected  with  the  lonuitude  ditl'vrencea, 
(rreonwioh '  Brest  and  Greenwich-Paris ;  computation  of  obsf  rvations 
for  clock  and  instrumental  corrections  of  the  \ationaI  Observatory  at 
Paris.  France,  relating  to  the  differences  of  longitude,  i^aris-  Biest 
and  Paris-Greenwich;  observations  for  inclination  of  axis  of  the 
Gambey  meridian  transit;  azimuths  of  tbe  meridian  mark ;  observa- 
tions  on  a,  6,  and  \  Ursw  Minoris;  coetfieients  employed  in  the  reduc- 
tion of  the  observations;  observations  ma<Ie  with  the  Gambey 
meridian  trauNit  for  difference  of  longitude,  Paris-  Brest ;  clock  correc- 
tions and  hourly  rates  at  Paris;    obhcrvations  with  tbe  Gambey 


139-155 


difference  of  longitude,  Paris-Greenwich;  clock  corrections  and 
hourly  rates  at  Paris;  results  of  Telegraphic  time  sicnals  exchanged 
between  Cambridge  and  St. Pierre;  between  St. Pierre  and  Brest; 
between  Brest  and  Paris;  between  Brest  and  Greenwich;  between 
Greenwich  (Coast  Survey  transit)  and  Paris;  personal  error  in  noting 
cable  time  signals  at  St.  Pierre ;  at  Brest :  difference  of  ]>ersonal 
equation  of  Folain  and  Blake;  Criswick  and  Blake;  personal  equa- 
tion ;  Goodfellow,  Blake,  and  Smith  ;  observations  for  personal  epila- 
tion at  Cambridge,  Mass.,  ()ctol>er  and  November.  1872 :  resiuta. 
[Errata  pp.  163, 164, 167, 168, 16t»,  172, 173, 177, 178,  IbO,  2»7, 237, 342. ) 

Telegraphic  longitude  of  Key  West.— C.  A.  Schott. 
Jutroduction ;  description  of  observing  stations  and  of  instrumental  oatllt ; 
relative  personal  equations ;  (Hjuatorial  interval  of  wires  of  transit 
circle;  adopted  mean  places  in  richt  ascension  of  stars  observed  at 
Washingtou  and  Key  West;  probable  error  of  cloi-k  corrections; 
reduction  of  transits  for  cloi-k  corrections,  Wnshiugton ;  couditioual 
and  normal  c<|natious ;  Hynoi>sis  of  results  for  correction  and  rate  of 
clock  ;  reduction  of  transits  for  chronometer  correi-tions,  Key  West ; 
normal  equations  for  azimuth  and  chronometer  currectioiis:  synopsis 
of  resulta  for  correction  and  rate  of  chronometers;  lelfgrapiiic  ccvu 
nection  and  exchange  of  time  signals ;  telegraphic  ditlerence  of  longi- 
tude, Washington-Key  West ;  resulting  longitude  of  Key  West  and 
of  light-houMw  in  ita  vicinity. 


REPORT  FOR  1891 — PART  II. 


391 


A  auhjeot'index  to  the  professional  papers  contained  in  the  annual  reports,  etc, — Continued. 

GEODESY— Continued. 
LONGITUDE— ConUuued. 


Year. 


Appen- 
dix. 


1880 


1P80 


168U 


1884 


14 


Paj^eA. 


81-92 


93-95 


•231-241 


11 


407  430 


lt?8M 


ihsy 


issu 


1889 


U7-150 


ICl-16i 


'2u9  '_»I2 


213-216 


Subject  and  author. 


Telegraphic  lonxitudeA.— C.  A.  Schott. 
Report  ou  the  rPHultn  of  t«le;;raphiu  loDgitmles  determined  by  the  Coast 
and  Geodetic  Survey  up  to  the  present  time,  and  preliminary  adjust- 
ment by  least  squares;  two  groups;  specimen  of  the  first  groap; 
Atlanta  and  Wanhinston ;  rMults  tor  difference  of  longitude ;  review 
of  the  telegraphic  longitude  work;  published  results ;  method  of 
combining  reaultH ;  table  of  reniilt^  of  dilferences  of  lontzitnde ;  table 
of  results  determinins  suliordinate  stations ;  combination  and  ad- 
justment of  o1>flerved  differences  of  longitude;  diagram  No.  83, 
conditional  equations ;  resulting  adjusted  longitndes  (west  of  Green- 
wich). 

Telegraphic  longitudes.— Kdwin  Smith. 
Explanation  of  apparatus  used  for  observation ;  description;  oases  1  to  5; 
adjustments ;  interchani^e  of  signals ;  diagrams  Nos.  34  and  35. 

Determination  of  loiigitude  by  means  of  the  electric  telegraph  (two  plates).— 
C.  A.  Schott. 
(1)  Telegraphic  detprmination  of  longitude ;  (2)  personal  equation  ;  sp.^ci- 
men  of  record  of  results  for  difference  of  longitwk» ;  rariabiliiv  in 
personal  equation ;  (3)  weights  to  transit  observations  recorded  on 
the  chronograph ;  weights  depending  on  the  star's  declination ; 
weights  to  Incomplete  transits ;  reduction  of  observations  for  time : 
(4)  disposition  of  telegraphic  instruments  in  the  observatory;  arrange* 
ments  I  to  YI ;  (5)  concluding  remarks. 

Longitudes  deduced  in  the  Coast  and  Geodetic  Survey  from  determinations 
by  means  of  the  electric  telegraph,  between  the  years  1846  and  1885. 
Second  at^usiment.— Hy  Charles  A  Schott,  Assistant. 
Prefatory  note :  comparison  of  the  state  of  the  longitude  work  of  the  Snr> 
vey'in  1880  with  that  of  1885 :  growth  of  the  work,  with  an  account  of 
its  gradual  development  in  the  Survey;  explanatorv  remarks  to  the 
tabh>.  of  results;  Tablel.  general  table  of  results  for  differences  of  longi- 
tude of  stations,  doteriniued  by  the  U.  S.  Coast  and  Geodetic  Survey, 
bv  niuans  of  the  electric  telegraph,  between  the  years  1846  and  1RK4 
(July) ;  Table  II,  ohserve<l  differences  of  longitude,  their  prol>able 
errors,  numbers  for  reciprocal  of  weights,  and  symbolic  corrections ; 
degree  of  nccnracy  attained  by  tbe  Survey  of  late  years;  a4Justment 
of  rvHultH  by  least  squares ;  form  of  the  conditional  equations ;  re- 
dutUKl  conditional  equations  to  be  satisfied ;  scheme  of  coeflicients  and 
of  inverse  weights  tor  the  fu»mation  of  normal  equations  and  for  com- 
puting the  corrections  expressed  in  termnof  the  correlatives ;  normal 
equatioHH;  values  of  C|  and  of  £i ;  final  values,  A,  of  longitudes  from 
Greenwich,  in  accordance  with  a  decision  of  the  International  Merid- 
ian Conference,  held  at  Washington,  October,  1884;  comparison  of 
results  with  those  of  first  a<1Justment  of  1880 ;  tables  of  longitudes.  A, 
of  the  remaining  stations,  arranged  by  States  and  Territories,  in  alpha- 
betical order ;  coDiiiutation  of  probable  errors  of  adjusted  longitudes; 
determination  of  the  probable  errors  of  the  resulting  longitudes  of 
Waithingtou,  U.  S.  Naval  Obnervatory,  and  of  Cambridge,  Harvard 
College  Observatory ;  lon«;itude  of  Detroit,  Mich. ;  comparison  of  the 
U.  S.  Coast  and  Getnletio  Survey  result  with  the  longitude  used  by  the 
U.  S.  Lake  Survey ;  longitude  of  Ogden,  Utah ;  comparison  of  the  U.  8. 
Coast  and  Geodetic  Survey  result  with  the  value  adopted  by  tha  U.  S. 
KngiDcers ;  Junetion  of  the  American  and  European  systems  of  longi- 
tudes, with  diagram  showing  connections  adjusted.— [Illustration  21.  J 

Bulletin  No.  13.— Telegraphic  determination  of  the  longitude  of  Mount  Ham- 
ilton, Cal.  Field  work  by  C.  U.  Sinclair,  assistant,  and  R.  A.  Marr, 
Subassistant.    Report  by  Charles  A.  Sehotc,  Assistant. 

Bulletin  No.  16.— Description  of  two  new  transit  instruments  for  longitude 
work— Conntriicted  at  the  ofHoe  of  the  Survey  Irom  designs  by  Edwin 
Smith,  Assistant     (One  Illustration.) 

Telegraphic  determination  of  the  longitude  of  a  station  on  Mount  Hamilton, 
Cal.,  and  its  trigonometrical  connection  with  the  Lick  Observatory. 
Field  work  by  C.  H.  Sinclair,  Assistant  and  R.  A.  Marr,  Subassistant. 
Report  by  Charles  A.  Schott,  Assistant. 

Description  of  two  new  portable  instruments  for  longitude  work. — Con- 
attncted  at  the  office  of  the  Survey  from  designs  by  Edwin  Smith, 
Assistant.    (One  illustration.) 
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A  tubject-indtx  to  tha profi'vHhnal papertt  fontaintrif  In  th*'  auuital  rejtorti,  etc, — Cuutluned. 

GEOOKSV— CoiitiiHiml. 
AZIMUTH. 


Y^^-i^mr"  ^-««'»- 


1S5G  , 


18G6 


•J7     'joa-"ioy 


II 


hO-M 


1SG8 


LO       1J7  IGft 


167U 


187U 
lri8U 


17       178  170 


Subject  and  auilior. 


Azimuth.— ^J.  E.  Uilganl. 
M«*tlio<l  ofiuinK  the  traimit  instruiuent  for  azimuth  ob&ervatI«*u.-) ;  furni  of 
record  and  rednctiun. 

AAtronomiral  azioiuiU.— (.\  A.  Scliott. 

(1)  Principal  oiethods  ;  (2(  aHLruiiODitoa)  azimuth  ;  (3)  ^MNletic  :i/iiiinth  : 
(4)  primary  and  aet'ondary  a^imuthrt;  (5)  timn;  (6)  inaliiiiiit^iiiH  umid  ; 
47)  azimuth  markn:  (8)  errors  eliminated  :  (&)  cin-amp«ilar  h\»ta  u««*d : 
(10;  liij{hfitars;  (11)  f»«trt  of  obAervaiioos ;  (12)  method  of  lerurdiiiie 
and  lettucing:  (13)  obAervatioD(»  of  a  cloao  circumpolar  star  uear  ici* 
elonjration;  (14)at  any  hour  ansle:  (15)  computaiion  l>3' fnndauentHl 
tri^oni>metrii'aI  foimula:  (16)  by  Napier'M  analoj^ies;  (17)  by  a  devel- 
opment iiito  a  rterioi« ;  (Id)  at  equal  lutervalH  befoie  and  after  ciilnii na- 
tion; (19)  obser\*ation  of  Mun  for  a/irouth:  (20)  exampl<>H  of  recoriU 
and  rp<luction8  to  Articlee  11,  13,  14,  16,  17,  18,  and  19.— iSketchen  26 
and  '27.  | 

(Supplement,  1868,  p.  157.— Specimen  table  of  loonl  timenof  elonfi;ati<inH  and 
culmiDationa  of  torn  circumpolar  starrt  for  ]d73.  latitude  40^,  loii)eitu«le 
6h.  weet  of  Greenwich:  correction  for  altered  dates  and  latilndi^n.  | 

1  Supplement,  p.  158. — ^lu  verl  leal  of  star ;  example  of  record  and  reduction  ; 
micrometer  values  :  deduction  of  f^zimuth.J 

i  Supplement,  p.  160.— (a)  Near  culmination ;  example  of  record  and  oimipu- 
tation ;  eye-piece  micrometer,  values  determined  and  applied  t4»  level 
C4iirection:  (6)  nivot  micrometer,  ditto,  with  example  and  record  of 
reduction :  aiu;cie  micrometer  turn,  ditto ;  discuHsion  of  set  of  four 
stars  :  centering  of  instrument  for  oonneclion  '."ith  trlangulaliou.] 

Clian^eH  of  elevation  and  aximuth  caused  by  the  a<'tion  of  tlie  sun  at  station, 
l^ominguez,  ('al.— (>eor(!e  Davidson. 


o-» 


L'ju  'j'J7  !  Azimuth  and  apparent  altitude  of  Polaris. — George  Davidson. 


14        -JliiJ-^SO 


1^90 


•J15  "JIS 


Astronomical  azimuth.— C.  A.  Schott 
(Four  plates. I  (1)  General  remarks;  (2)  instruments:  (3)  general  consid- 
erations; (4)  methods;  (5)  observations  of  a  close  circumpolur  star 
nei»r  elongaliod ;  (o6)  observations  with  the  transit  in  the  veitical  of 
a  close  circumpolar  star,  near  its  elonjiation  :  (tf)  at  any  hour  an;;le ; 
(7)  computation  by  fundamental  formula;  (8)  by  Napier's  analogies; 
(0)  by  development  into  series ;  (lu)  at  equal  intervals  before  and  alter 
culmination:  (lOh)  near  culmination  with  eyepiece  mierometer, cor- 
rections^ (10c)  with  pivot  micrometer:  (ID'observationn  of  sun  for 
azimuth ;  (12)  examples  of  record  and  reduction  to  Articles  5, 56,  6  and 
7,  V,  10, 106 ;  line  of  coUimatiou  by  reversal  on  star ;  examples  to  Arti- 
cles Kk*,  11 :  table  of  local  time  of  elou'iation  and  culminat'on  of  four 
circumpolar  stars  for  1883,  latitude  40^,  longitude  6h.  west  of  Green- 
wich. 

iSiiUrliu  No.  21.  Determination  of  an  azimuth  from  micronietrie  observa- 
tions of  a  close  circumiK>Uir  star  near  tthmgatiou  by  means  of  a  me- 
ridian or  transii  and  equal  altitude  instrument:,  or  by  me  ins  of  a 
theodolite  with  eye-piece  mirrometer.  K«>port  on  meihtMl  and  exam- 
)le  of  coApulation  by  Charles  A.  Schott,  As-tistaut.  Observations 
>y  A.  T.  Alosman.  Assistant. 


t 


A  lie  MKASntES  AND  LOCAL  DEFLECTION  OF  THE  PLUMB  LINE. 


!&.;«< 


l?77 


*J       147  l.'>:i     Kesults  of  the  me:iHuremeut  of  an  aw  of  thi*  meridian. — C.  A.  Schott. 

Length  of  the  arc  by  four  melhods;  acruracy  of  the  prei^eding  results; 
table  and  diagram:  delermiualiou  of  the  astronomical  latitudes;  re- 
capitulation of  rettults. 

7       im  115     Local  dcHi<ctious  of  the  iienith  in   the  vicinity  of  Washington  City.— C.  A. 

Schott. 

6  h4  If.'i     'i'he  Paiuplico  Chesapeake  arc  of  the  meridian  and  its  combination  with 

tlie  Nantucket  and  the  Peruvian  arcs  for  a  dotermiuatiou  of  the 

ti:{ure  of  the  earth  from  American  measures  —  (.-.  A.. Schott. 

l^to  lines:    latitudes;    resulrin>!  azimuths  determined  attrnnomlcallv ; 

r.onditional  equation>4 :  combination  of  arcs  of  the  meridian  ;  resuU- 

i  lug  couditionsl  eqiiattous  f»f  each  arc  of  the  meridian:  Nantucket 

aic;  Pamplic^i-Cliosapeake  aiu;  Peruvian  arc:  combination  of  area 
tor  deti^rniiuini;  thv  figure  of  the  earth  considered  as  a  spheroid; 
table  of  data  lor  tlguiu  of  the  earth,  liesscl,  1811.  Clarke.  IdM.  CoMt 
Suivey,  1877. 
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A.  Buhject'indcT  to  thr. prof essional  papers  contained  in  the  annual  reports,  etc. — Contiuaed. 

GEODESY— Coiitiiiuod. 
AKC  MEAt-<7K£S  AND  LOCAL  DEFLECTION  OF  THE  PLUMB  LINK-ConUnaed. 


Year. 


1870 


Appen 
uix. 


8 


Paf^es. 


110-123 


Subject  and  author. 


1888 


1889 


Conipaiid009  of  local  dedectiou  of  the  plnmb  line.— C.  A.  Schott. 
DetermiDfttion  of  the  atandard  geodetio  latitude  :  tsihle  of  systoinatic  ap- 
parent deflections  in  the  meridian ;  detenu! nation  of  the  standard 
iceodetic  azimuth;  table  of  systematic  detlertion  at  ri^eht  antftes  to 
the  meridian  re.^ultinic  ftom  obMfved  azimnthn :  determinitttnn  of 
iho  standard  geodetio  longitude;  exhibition  of  the  apparent  local 
delle4}tiona  of  the  vertical  with  reference  to  the  Bessel  and  Clarke 
spheroids;  table  of  comparison  of  effect  of  apparent  local  deflection 
of  the  vertical  in  latitude  for  the  Hessel  and  Clarke  spheroids ;  table 
of  same  for  deflections  in  azimuth:  in  loni;iiude.  Appendix  A, 
(Table  1).  uAtronoraioal  latitndes  of  the  oblique  arc  alons  the  At- 
lantic; (2)  oompatiAOuof  the  register  latitudes,  apparent  deflection  In 
the  meridian.  Appendix  B  (Table  1),  astronomi<:al  flzimuths  of  the 
oblique  aiv  alunte  th»  Atlantic;  (2)  comparison  of  the  register  azi- 
muilis,  apparent  dcHectiona  of  the  meridian,  and  ctTri'SiMmding  ap- 
parent dffluction.s  in  the  prime  vertical.  Appendix  C  (Table  1).  as> 
tronomiral  (tele&raphio)  longitades  of  the  oblique  arc  alouv  the 
Atlantic  ;  (2)  comparison  of  the  register  longitudes,  apparent  deflec- 
tions in  longitude,  and  corresponding  apparent  deflections  in  the 
prime  vertical. 

4  I    47I-^i3  I  Determinations  of  latitude  and  gravity  for  the  Hawaiian  Government. — By 

K.  D.  Preston,  Assistant.      (For  abstract   of  contents   see    under 
I  I  "  Gravity.") 

I 
7       IU9-208     The  need  of  a  remeasnrement  of  the  Peruvian  arc.  —By  £.  D.  Preston,  As* 

sistant. 


GKAVITV. 


18TG  > 


15       L>92-337 


1876 

1881   , 

1881 

I 

IM\  I 

1881  ' 
1882 


15 

U 
15 

16 

17 
22 


I 


Mea^iirements  of  gravity  at  initial  stations  In  Amorii-a  and  Europe.— C.  S. 
Peirce. 
Stations  Geneva,  Paris,  Berlin,  Kew,  Hoboken ;  instruments;  diagram; 
uiiservationH  of  the  duration  of  an  oscillation ;  corrections.  1  to  12 ; 
correction  for  rate  of  timekeeper;  Paris  merhiian  clock;  diagram ; 
Stand  und  Gang  von  Serfl'ert.  1876,  April  15  June  16;  Kew ;  compari- 
tion  of  chmnomuters,  diagram :  Hoboken  ;  table  of  instrumental  con- 
stants; comparison  of  chronometers;  instrumental  constants;  rates 
of  chronometers  graphically  represented;  diagrams  Nos.  31  to  35; 
forrcctiou  for  arc ;  tables  showing  times  of  reading  half  amplitudes ; 
Paris,  Berlin,  Kew  ;  table  of  decrement  of  arc  from  l"^  lU' ;  diminu- 
tion of  arc:  decrement  of  pendulum  arc,  Hoboken,  N.  J.,  times  of 
reaching  different  amplitudeN ;  tables;  diagram  36;  reduction  to  a 
vacuum:  coefflciont  of  expansion:  diagrams  37*,  37**:  comparison  of 
meters  "A  "  and  "4U":  correction  for  wearing  of  tlie  knife-edges ; 
correction  for  slip  of  the  knife-edgeti:  correction  for  shorter  length 
with  heavy  end  up ;  for  flexure  of  the  supptirt:  length  of  the  pendu- 
lum; on  the  tenths  of  millimetres  at  the  ends  of  the  Unitetl  StiitKS 
(*o:i!)t  Survey  pemlulnm  metre,  and  (m  the  screw  revolutions  of  the 
U«ps<)ld  vi«r(ioal  comparator;  value  of  the  screw  revolutions  of  the 
uniter  microscope;  of  the  lowor  microscope  ;  results  of  observations 
or  length ;  summary  of  results  of  comparison  of  lengths  between  the 
standard  metre  "  49  "  and  others ;  comparison  of  Prussian  and  United 
States  pendulum  standards,  1875;  conclndoii  length  of  the  pendftluni; 
center  of  mass;  periods  of  oscillation  and  values  of  gravity:  dia- 
gram; length  of  se<xinds  pendulum  at  Geneva;  tables  of  experi- 
ments, Paris,  1876,  Berlin,  Kew,  Hoboken.  N.J. 

4IU  :  Addendum  to  Appendix  No.  15. 

Tables  showing  the  modea  of  rt'dudng  the  experiments. 

350-  4-il  I  On  the  flexnru  of  pendulum  supiiorts.  —By  C.  S.  Peirce,  Assistant. 

4i'l  456     On  the  deduction  of  the  ellipticitv  of  the  earth,  from  pendulum  experi- 
menis.— By  C.  8.  Peirce,  Asslntant. 

457-460  '  On  a  method  of  ob<M>rving  the  c^in«:idence  of  vibrati<ins  of  two  pendulums.— 
I  By  C.  S.  Pelr4e,  Assistant. 

461-463     On  the  value  of  gravity  at  Paris.— By  G.  S.  Peirce,  Assistant 

503-516     Keportof  a  oonferenci*  on  itravlty  dotermiuathms   held  at  Washington,  D. 
C,  in  May,  1882. 
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Year. 


1883 

1883 
1884 

1884 
1884 
1885 
1885 
1888 


n 


(UX. 

17 

10 
14 


Subjfct  ami  autbur. 


15 
16 
16 
17 
14 


870-381 


473  487 


439  473  ! 


475-482 
483^485 
509-510 
511,512 
471-5C3 


18SU 


137  UJ 


DetormiuatkuuH  of  icravity  aud  iillier  oliscrvalionH  nmdi'  iu  cuDUfctiun  with 
the  Solar  Eclipse  Expedition,  May,  IHf'i,  tu  Carolinv  iHlaud.  A  re- 
port by  K.  D.  PrestoD. 

Deti^nuiiiations  of  t(ravity  at  Alleglieny,  Bbeiidbarfr,  and  York,  Pa.— By  C. 
S.  Peirce,  ABsiMCant. 

DeterminatiODB  of  )n^vlty  with  the  Kater  pendiiliima  at  Auckland,  New 
Zealand;  Syduev,  New  South  Wales;  Singapore.  Brit iah  ludia;  To- 
kio,  Japan  ;  Sau  Francisco.  Cal. ;  and  Waahiniftou,  D.  C-  -By  £d' 
win  Smith.  Assistant. 

Oil  the  nse  of  the  noddy  for  lueaanrinK  the  amplitude  of  swaylnf;  in  a  peo> 
dulam  support.  -By  C.  S.  Peirce,  Assistant. 

Note  on  the  effect  of  the  tlexure  of  a  pendulum  upon  its  period  of  oscilla- 
tion. -By  C.  S.  Peirce,  Assistant. 

Ou  the  intineuce  of  a  noddy  on  the  period  of  a  pendulum.— By  C.  S.  Peirce, 
Assistant. 

On  the  effect  of  unequal  temperature  upon  a  reversible  pendulum.— By  C.  S. 
Peirce,  AsBlstaut. 

Determinations  of  latitude  and  gravity  for  the  Hawaiian  Qovernment.— By 
E.  D.  Preston.  Assistant  (22  illustrations). 
Letter  of  E.  1>.  Preston  to  Supeiinti-udent  Coast  and  Cieodetio  Survey, 
transmittinK  renort  of  work  for  Jlawaiian  Gnvernraeut :  plate  show 
iug  crater  of  Haieaknla ;  note  on  Hawaiian  pronunciation;  report :  in- 
struments; brief  account  of  journey  and  work  accomplished;  plate, 
"Kesting  at  'Ana  Moe  Uatile'  (0,:(0b  feet  elevation)  E<lj;e  of  Crater:  '^ 
trianjrulation ;  piste,  "  P^nd  of  Cart  Koad  (5,500  feet  oU'vation),  Slope 
of  Hali^akala;" plate,  "  Gravit yand  Latitude  Station.  Pnka4>ao,''  Inland 
of  Maui,  etc. ;  plate^  "Trail  from  Pakaeao  to  KaupoGap:''  (ounecttons 
between  the  trigonometrical  and  astrouomiciil  stations,  and  geodetio 
latitudes  of  the  latter  (with  sketch  of  triangulation) :  plute,  ''meridian 
telcsc-opo;"  sketch  of  triaun^tlation,  showiup  the  connection  between 
latitude  and  gravity  stations  on  the  Island  of  Maul;  latitnd**;  inclina- 
tion of  micrometer  thread;  mici'ometer:  lev(>l;  discusnion  of  the 
resulta;  summary  of  results:  observations  and  itMluctiims  for  Hono- 
lulu ;  list  of  star  catalogues  consulted;  mean  jilaces  of  Hawaiian  lati- 
tude stairs ;  gravity;  dencript  ion  of  stations:  methiHls  of  obs4*rvatiou: 
methods  of  reduction:  sketch  of  Islanii  of  Maui,  showing  contour 
liufs  and  compaituicnts;  results  of  piMiduInni  ohmTvations  ou  Maui; 
dt-nsity  of  the  sui  face  ro4:k ;  i-edurtion  of  t  he  time  observations ;  plate, 
"  Relative  Weights  dep<  udiug  on  Star's  Declination;'  piate.  "Pendu- 
lum lUad  Nu.  3;"  plate,  "Pendulum  Stand:"  general  chart  of 
Caroline  Islands,  showing  gravity  station  of  l^SS;  obseivations  of 
1883;  description  of  stations ;  length  of  pendulums  and  position  of 
center  of  mass;  plate.  "Gravity  and  Latitude  Station,  Lahaina. 
Maui:"  plate.  •'Transit  No.  2,"  plat««,  "Pendulum  Stand,  1887;'^ 
plate,  "Kepsold  Vertical  Comparat<jr,  with  IVudulum  No.  4  and  *  7 
and  M  No.  1,'  in  position;  "  plat**,  "Pendulum  No.  3  (Peirce);"  plate, 
"Chronograph;"  plate.  "Variations  of  Cl<K-k  Kates;"  diagram 
showing  relative  times  of  star  observations  and  pendulum  swings; 
difference  between  pendulums  No.  3  and  No.  4 ;  instrumental  con- 
stants and  chronometer  corrections;  star  residuals:  pendulum  obser- 
vations; reduction  to  standard  tempentturH  and  pre-ssure:  periods  of 
oscillation  at  20*554  inches  of  reduced  barometer  at  Washington,  and 
at  15°  centigrade. 

Bulletin  No.  11.— Determinations  of  latitude  and  gravity  for  the  Hawaiian 
GoveTument— By  £.  D.Preston.  Assistant  (4  illustrations), 
lutrodnctorv  remarkit;  relative  gravity  determinations;  gravity  results 
(with  diagram);  latitude  determinations;  gemletic  connections  and 
conclusions;  map  of  Hawaiian  Islands,  showing  the  primary  triangu- 
lation, latitude,  and  gravity  stations:  sketch  of  Island  of  Maui, 
showing  contour  lines  and  conipartnieuts;  sketch  of  triangulation, 
showing  connection  between  lutilude  and  gravity  stations  on  the 
Island  of  Maui. 

(ThisBuUetiu  was  published  as  an  abstract  iu  advance  of  Appendix  14, 
1888,  the  full  Report  not  having  been  printed  until  January,  1801.] 
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Ye»r. 

Appen- 
dix. 

Pa^et. 

Sabject  and  author. 

1880 

12 

62&-«84 

Resultfl  of  obftervations  made  to  determine  gravity   and  the  maffnetio 
elemeiitA  at  stationn  on  the  weet  coast  of  Africa  and  on  tome  iuands 
in  the  North  and  South  Atlantic.  1889-90.  -By  £.  D.  Preeton,  Aaaistant 
(11  iUuetrations). 

GEOGKAPHICAL    POSITIONS    AND   PROJECTIONS-TOPOCJRAPHIC    AND 

HYDROGRAPHIC  SHEETS. 


Ibol 

12 

• 

1C2-442 

1833 

7 

14-42 

18&3 

39 

06-163 

1856 


8 
58 


LiAt  of  geograpLioal  ponitioua  deteimineil  by  the  CoaHt  SorN-ey. 
S«ctioufl;  niethml  of  triangulation  ai*<l  veriflration ;  average  error;  aa* 
Bamed  size  and  form  of  the  globe ;  station  errors ;  checking  of  geo- 
detic longitudes  by  telegraph ;  longitude  of  Cambridgtt  from  Green- 
wich; explanatien  of  tables;  list— [Errata,  168, 169,218.  304,324,372, 
374. 376. 378 :  1851,  p.  viii ;  Errata,  103. 169. 189. 190, 191. 194. 217, 218, 220, 
258,  271,  276.  2MS,  324,  390, 372, 374. 875, 378. 400. 402,  404,  409. 416, 425, 480 : 
1853.  p.  181 ;  Errata,  185, 252 :  1854.  p.  xU ;  Errata,  192, 225. 340, 341, 342, 
344,346.411:  1855.  p.  x viii.  | 

List  of  geographical  positions.— [Errata,  15, 16,  et  tea.,  17, 20, 28, 29. 31, 32, 83, 
34, 36. 42:  1854,  p.  xii ;  Errata.  19, 20:  1856,  p.  xviii.] 

Tables  for  projecting  maps,  with  notes  on  map  projections.— C  A.  Schott 
and  £.  B.  Hunt. 
Map  protections  classified  and  defined  ;  Bonne's  or  modified  Flamstead's 
projection  ;  the  poly  conic,  its  properties  aud  varieties ;  formulas  used 
for  the  computation  of  projection  tables  in  use  at  the  Coast  Survey 
Odice;  graphic  construction  of  polyconicproieotions.  Coast  Survey 
methods ;  rectangular  polycouic  method ;  Table  I,  relation  between 
the  measures  of  length  used  in  d  iflTerent  couutries ;  II,  for  converting 
(A)  metres  into  statute  miles ;  (B)  statute  miles  into  metres;  (C)  me- 
tres into  yards;  (D)  yards  into  metres;  (E)  yards  into  miles;  III, 
length  of  a  degree  of  the  meridian  in  nautical  and  statute  mile*  for 
each  fifth  degreo  of  latitude  between  20°  and  50O;  IV  (A),  length  of  a 
degree  of  loogitnda  between  the  parallels  of  \1^  and  50<^,  for  each  de- 
gree of  latitude,  expressed  in  nautical  miles ;  (B)  length  of  a  degree 
of  longitude  between  the  parallels  of  17°  and  50°  for  each  degree  of 
latitude,  expressed  in  statute  miles;  Y  (A),  length  in  metres  of  1°  of 
latitude  ana  longitude  for  each  degree  of  latitude  between  17°  and 
50°;  (B)  co-ordinates  of  curvature  for  each  degree  of  longitude  from 
1°  to  85°,  between  latitudes  17°  and  50°;  VI,  projection  tables, 
giving  latitude  and  longitude  arcs,  and  co-ordinates  of  curvature, 
from  latitude  24°  to  60°— [Errata,  96,  97,  98.  102,  134:  18.'i3.  p.  182; 
Errata,  101,  113,  114,  115.  116,  130,  159:  1854.  p.  xii;  Errata,  132. 137: 
1866,  p.  XX.] 

*  19-148  I  List  of  geographical  positions.— [Errata,  188-140:  1856,  p.  xx.] 


1857  I  23-24 


1857 
1859 
1859 


25 
18 
19 


296-3U7     Projection  tables.— J.  B.  Hilgard. 

Tables  applicable  to  the  projection  of  maps  of  large  extent  and  mlnimnm 
'.  distortion  in  represented  area;  method;  earth's  dimensions ;  Table 

!  I,  of  co-ordinates  for  projecting  the  pointe  of  intersection  of  meridians 

I  and  parallels ;  II.  length,  in  metres,  of  one  degree  of  latitude  and 

longitude  trova.  latitude  20°  to  64° ;  values  of  the  corresponding  radii 
I  of  the  developed  parallel,  and  angles  at  each  pole  for  10°  of  longitude ; 

I  III,  tables  for  converting  measures  (A)  of  metres  into  statute  miles; 

(B)  of  statute  miles  into  metres;  (C)  of  metres  into  yards;  (D)  of 
I  yards  into  metres;  (E)  of  yards  into  miles :  lY,  length  of  a  degree  of 

the  meridian  in  nautical  and  statute  miles  for  each  fifth  degree  of 
latitude  between  20°  and  50° ;  Y,  length  of  a  degree  of  longitude  for 
each  degree  of  latitude  from  19°  to  64°,  expressea  in  nautical  and  stat- 
ute miles :  YI,  radii  and  polyconic  development  of  a  sphere  wiUi 
radius =1. 

223-204  I  List  of  topographic  and  hydrographio  sheets,  showing  their  titles,  datet, 
I  scales,  and  cegistored  numbers,  as  filed  in  the  office. 

264-301     List  of  geographical  posltiona. 

212-214     Topographic  sheets. 

215-210    Hydrographio  sheeta. 
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rear.^Srrll'Me.    j 


I 


Siilji-ct  and  author. 


1859 
lft5i» 

1861 
1862  > 

1803 
1864 
16U0 
1865 

leeft 

1866 


1867 

1868 
1S7I 

1873 


20 
83 

13-14 


216-277 
3l'8-358 


39  ' 

U-16  i 

15  , 
8 
»' 

10 


143  146 

I 44- 182 

50-99 

99  136 

I 

137 
20  '    176-186 


I 


13 
5 


1874 

6 

<.2  G5 

1874 

11 

134 

1875 

f 

89  114 

1875 

8 

11".-13H 

1877 

t 

15 

19l-l!»L» 

1^80  1 

15  . 

'Jar  200 

List  Mt'g^ujEi'ftpliit'al  iMiHitiouH. 

I'l-oiectioii  tHblt'A  fill-  uiapM  uf  Ur^tf  viteDt.— J.  E.  Hil>;ard. 
Table  1,  ien^fth  in  niotreH  of  1-'  of  latitude  and  longitude,  valnea  of  tho  cor- 
r<>8poiidin^  radii  of  the  developt^d  parallel,  and  auf^lea  ut  each  polo  for 
lO-*  of  longitude  -,  II,  coordinateH  of  curvature. 

176-180  j  List  of  topographic  and  hydrographic  .>iheet8-Ooutiuu«d. 

418-420  ■  Part  of  Appendix  39.— (iieographical  puailioud  on  the  Pacitio  coast,  United 
Siatftf.    Gforgc*  Davidson.  Assistant. 

List  of  topographic  and  hydrographic  sheets    Continued. 

List  of  geographical  positions. 

List  of  topographic  and  hydrographic  sheets— Coutiuaed. 

List  of  gco^raphicdl  positiou«  in  Sections  V,  VI,  VII,  and  IX. 

List  of  geographical  {KMitious  det^roiined,  approximately,  in  West  Virginia, 
Kentucky,  Tennessee,  Alabama,  Mississippi,  and  Missouri. 

Projection  tables  for  a  map  of  North  America. 
Diagram:  table  of  lengtlm,  in  metres, of  5-^  of  latitude  on  the  strai)sht  me- 
ridian ;  table  of  the  radii  of  the  parallels,  and  5*-*  of  longitude  on  ouch 
parallel ;  I.  table  of  co-ordinates,  latitude  5<^  to  85- :  II,  co-ordinstes  of 
curvature,  latitude  55^*  to  89' ;  III,  length,  in  metres,  of  V*  of  Uititutie 
and  longitude  56'^  to  tUt^. 

m 

List  of  topographic  and  hydrographic  sheets  of  Alaska,  by  Russian  au- 
thority. 

List  of  geographical  positions  determined  by  tlie  ('oast  Survey. 

List  of  original  topographic  and  bydrographir  Mheets  reglsterf^l  in  the 
archives  of  the  U.  S.  Coast  Survey  from  Januarv  1. 1866,  to  December 
31.1871. 

List  of  original  ttipotiraphio  and  hydrographic  sheets  registerfd  in  the 
•I chives  of  the  Coast  Survey  tiom  June,  186.S  to  January,  1873. 

(icogiaphical  {tositions  of  prominent  places  in  the  Tnitcd  Stute.n. 

Additional  geographical  positions  determined  astronomically  by  the  Coast 
Survey  on  and  ueAr  the  western  coast. 

Original  topographic  sheets  registerml  in  the  archives  of  thi*  Const  Survey 
from  January,  1834,  to  July.  1875  (No.  1  to  1378,  inclusive;. 

List  of  hydrographic  sbeetM,  geographically  arrsnued,  reeisttrcd  in  the 
archives  of  the  Coast  Survey  from  January.  1835,  tu  July,  1875  (Nos.  1 
U)  1244.  inclusive). 


18A       265  274 


I 


171  242 
*'2-9> 


uuiucuncial  projection  of  the  !*pher«.— C.  S.  Peirce. 
lables  I,  II,  of  rectangular  co-ordinates.     ( Diagram. 


r'omparison  of  the  relative  value  of  the  polyconic  projection  aso4l  in  the 
Coast  and  Geodetic  Survey,  with  some  other  projections. —('.  A. 
Sidiott 
(Six  plates  and  a  chait.) 
Map  pniject ions  classifled  and  defined;  three  gruu]i8;  first  group— the 
sqiDirH  projection,  the  rectangular  projection,  tlio  rectangular  equal- 
surlace  projection.  Cassini's  projection,  projection  with  converging 
meridians,  projection  by  development  of  an  intersecting  cylinder, 
Mercator's  projection;  second  group— Flamsteed's  projection.  l>t» 
Lorgnu's,  Baoiiiet's  equal-surfiice  proje<*.tion,  De  I' Isle^  conic  projec- 
tion, the  simple  conic  projection,  Murdoch's  projection;  third  grouii — 
LsnilNsrt's  proie<'.tion.  Bonne's,  the  polyconh';  remarks  on  the  history 
«if  Ctmst  Survey  projections;  forroulie  for  computation:  (1)  For  an 
uic  of  a  gre-at  circle  of  the  sphcrif ;  (2)  for  the  rhnmb-line  on  Mer- 
eater's  projection ;  (3)  for  the  straight  line  on  Bonne's  projection  ■  (4) 
for  the  straight  line  on  the  polyconic  projection;  resulting  distaucM^ 
in  nautical  miles;  lesulling  a/imnths. 
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Tear. 


1884 


1885 


1888 


Appen- 
dix. 


Pages. 


135-321 


Snbjeot  and  author. 


285-430 


8       313-403 


Tablea  for  the  projection  of  roapa,  baned  npon  a  polyoonio  derelopment  of 
tlio  Clarke  spberuid,  and  computed  ftt>m  the  equator  to  the  pole. 
Ilistorj  of  the  projection  lablee  of  the  eurvey:  the  Clarke  epheroid ; 
formula;  used  in  establiHhinf;  tables;  arrangement  and  explanation  of 
the  tables;  graphic  construction  of  polyconic  projections  for  limited 
areas:  conversion  tables;  lenflrths  of  degrees  of  the  meridian:  arcs 
of  the  parallel  in  metres;  meridional  arcs;  coordinates  of  curvature. 

Geogrsphical  positions  of  trigonometrical  points  in  the  States  of  Massachu- 
setts abd  Rhode  Island,  determined  by  the  U.  S.  Coast  and  Geodetic 
Survey  between  the  years  1835  and  1886,  and  including  those  de- 
termined by  the  Borden  survey  in  the  years  1832  to  1838.— By 
Charles  A.  Schott,  Assistant. 
Introduction  and  expisnation  of  the  table  of  positions:  number  of  stations 
and  location ;  other  statistical  matter;  observers  and  years  of  observa- 
tion: accuracy  of  the  work;  index  of  stations  in  Massachusetts; 
t>able  of  gcogi-aphical  positions  determined  in  the  State  of  Massachv- 
setts,  and  connection  with  stations  in  the  surrounding  States;  tri- 
angulations  of  1832-1885.    [  Illostrations  25-26.  J 

Geographical  positions  of  trigonometrical  points  in  the  State  of  Connecticut, 
determined  by  the  U.  S.  Coast  and  Geodetic  Survey  between  the 
years  1833  and  1886.  Introduction  and  explanation  of  Uie  tabular 
results  by  Charles  A.  Schott,  Assistant.  [I  illustration.; 
Introductory  remarks  and  explanation  of  data  and  resalts;  standard 
geofletic  data  of  the  Survey ;  the  unit  of  length ;  the  geodetic  surface 
of  reference:  the  staudard  latitude;  the  standard  longitude;  the 
standanl  asirouth ;  elevations  of  stations  above  sea  level  not  yet 
available;  descriptions  of  stations;  positions  of  stations  and  connect- 
ing lines  shown  on  map:  reduction  of  observations;  explanation  of 
methoil  used  in  computation;  table  of  logarithmic  factors  for  the 
computation  of  geodetic  positions,  liotwcen  latitudes  40^  55'  and  42° 
55':  position  computation,  form  for  direct  compulation;  position 
computation,  form  for  inverse  solution;  length  of  arc  of  one  minute 
in  meridian  and  in  parallel;  effect  of  earth's  curvature;  poaitions 
arranged  in  geographical  groups;  observers  and  years  of  observation ; 
computers  engaged  In  work;  metric  c«mversioii  tables;  errata  in 
Appt>ndix  8,  1885;  index  of  stations  in  (!onneclicut;  tabular  state- 
ments of  geographical  positions:  firimary  stations:  subordinate, 
Srimary.  and  secondary  stations;  Rhode  Island  Slate  line  to  Thames 
:iver;*Tliames  River:  Thames  River  to  (y'onnecticut  River:  Con- 
necticut River;  (Connecticut  River  to  Housatonic  River;  Honsatonio 
River  to  New  York  State  line. 


GEOGRAPHICAL  EXPLORATIONS. 


1855 


1855 


64       374-.375 


65       376-398 


1856 


1S56  1 


65       310-322 


C6  I    322-324 


1857 

I 

18G0  ; 


53  j    414-433 
41  ,    399-402 


Abstract  of  a  complete  historical  account  of  the  progress  of  discovery  on 
the  western  coast  of  the  United  States  from  the  earliest  period; 
compile<l,  under  the  direction  of  the  Superintendent,  by  Dr.  J.  G. 
Kohl. 

Hlake's  Geological  Report,  western  coast.— W.  P.  Blake. 
ObAervntions  on  the  physical  geography  and  geology  of  the  coast  of  Cali- 
fornia, from  Bodega  Bay  to  San  Diego :  physical  geography  of  the 
mountain  ranges  adjoining  the  coast :  geology  of  the  principal  bays 
and  ports  from  Point  Reyes  to  San  Diego.— [Errata,  pp.  379, 380, 782, 
.  387,388,392,394.395.396;  1857,p.  xviU.) 

Annals  of  discovery  on  the  Atlantic  coast— tl.  G.  Kohl. 
Abstract  of  a  history  of  the  progress  of  discovery  on  the  Atlantic  coast 
of  the  United  SUtes. 


Annals  of  discovery,  Gulf  of  Mexico.— J.  G.  Kohl. 
Abstract  of  a  memoir  on  the  discovery  and  geographical  development  of . 
the  shores  of  the  Gulf  of  Mexico  within  the  limits  of  the  United 
States. 

Western  coast  annals  of  maritime  di^iooTery  and  exploration.— J.  G.  Kohl. 
Report  of  the  method  and  scope  of  a  memoir  on. 

Labrador  expedition.— Lieut.  A.  Murray,  U.  S.  N. 
Report  of  ft  voyage  of  the  steamer  Bibb»    (One  illustration.] 
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GEODESY—Continued. 
GEOGRAPUICAL  EX  FLORA  TIONS-ContlnnfMl. 


Year. 


1807 


1868 
1868 


1873 


1874 


1875 


1880 


1881 


18 

E 
F 
G 
H 
L 

14 
15 


11 


10 


18 


10 


187-329 


281-200 
290  292 


Subject  Rn«l  author. 


Alankft  Territory ;  noaat  features  and  re!<H)arceii.  — (r.  DavidnoD. 
Directory  of  tho  coant,  226-264:  list  of  (ceo^niphieAl  poAitionM.  265-274 ; 
Aids  to  naviieatioo,  274 -28U.    [Skotchtui  21  to  23.]    [Errata,  280, 22  from 
bottom,  rtfoti  Eacholtz  Day.] 

Alaska  Territorj-,  geology  of.— Th.  A.  Blak*'.     Ibid. 

Zoology  of  Alaska  Territory.— W.  G.  W.  ITarford. 


293-298  ■  Yocabulariea  of  the  Kodiao,  Unalashka,  Kenai,  and  Sitka  languages. 
200  317  I  Alaska  Territory,  meteorology  of.  -A.  Kcllog. 


3ia-324 
825  320 
243-250 
260-277 


111-112 


22 


157-188 


346  411 


405  cr 


Botany  of  Alaska  Territory.— A.  Kellog. 

Yocabalary,  Alaskan. 

Geographical  names  on  the  coast  of  Maine.  -Ed.  Ballard. 

Condenned  account  of  M.  TIellert's  explorations  ou  the  Inthnins  of  Panama, 
Including  his  H{»ecial  oxplorations  on  the  Inlhmus  of  Darien,  with 
suggestions  for  conducting  a  future  Huivey  — G.  Davidson. 
Explorations;  plan  for  exploration  of  the  Kiver  Diirien  ;  oiittit  and  duties 
ot  engineers;  in Ht-ru mental  onttlt:  use  ot  thn  heliotrope  for  com- 
municating messages;  form  of  recoid  of  levelings,  courses  and  diH> 
tances :  T«>d  for  IcvelinK.  distance,  and  statiim  mark  for  courses ;  to 
pack,  unpack,  and  refill  steel  barometer ;  methods  of  ascertaining 
the  discharge  of  water  in  any  stream. 

Geographical  and  hydrographical  explortnious  on  the  coast  of  Alaska.— W. 

Islands  of  Attn,  Bonldyr,  Kyska,  Amoliitka,  Adnkh,  Atka,  Amlia,  Four 
Craters,  AgashagoK,  Unalashka.  Sannakh  Keefs,  Popoff  Strait,  cur- 
rent  observations,  azimnths,  posit iouM,  and  magnetic  declinations, 
tables  1  to  16 ;  thenuonieter.  mean  for  1873 ;  surface  of  sea  water ; 
five  fathoms  below  surface:  current  observaiions  made  on  board  the 
Yukon  during  the  voyage  from  San  FranciHco  to  Unalashks,  May. 
1873;  heights  of  mountains  determined  in  1873.    [Sketch  No.  17.] 

United  States  Coast  Survey.  Report  on  the  Nicaragua  route  for  an  inter- 
oceanic  ship  canal,  with  a  review  of  other  proftoned  routes:  made  hy 
Maximilian  von  Sonnenstem  to  the  minister  of  public  works  of 
Nicaragua.  (One  illuMtration.  Translated  for  the  Unite^l  SUt^^ 
Coast  Survey.    Separately  publislied.) 

Report  on  Mount  Saint  Elias,  etc.,  Alaska.— W.  II.  Dall. 

I.  Historical  notes;  tabular  results  of  heights,  latitudes,  and  longitudes; 
general  considerations.    fSket^'hes  22, 23.] 

ir.  Discussion  of  data;  reduction  of  observations,  made  in  1874,  to  de- 
termine the  heights  of  Mounts  Saint  Kiias,  Cook,  Crillon,  Fair- 
weather,  and  Vancouver;  cletailsof  computations. 

Landfall  of  Columbus.- (t.  V.  Fox. 
An  attempt  to  solve  the  problem  of  the  first  landing  p1a«'e  of  (,'olnmbus 
in  the  Nnw  World.  Intrmiuct-ion:  nurmtive  and  discussion;  the 
track  of  Navarrete;  of  Vurnhageu;  ot  Washington  Irving  ;  of  C;snt. 
Becher;  acconlini;  to  G.  V.  Fox:  i-.onclusion;  summary.  Appendix 
A,  p.  401 :  age  of  Columbus.  Appendix  B.  p.  401 ;  mile'and  league  of 
Columbus.  Appendix  G,  p.  403:  variation  of  the  comnass  in  U9?. 
Appendix  D,  p.  405;  the  log  of  Columbus  across  the  Atlantic  Oc-ean. 
1492.    Appendix  E,  p.  408:  the  vessels  of  O-olumbus.    [Sketch  Na  83.] 

History  of  discovery  and  exploration  on  the  coast«  of  the  United  States.— By 
J.  G.  Kohl,  PH.  D. 
Prefatory  not« ;  abstract  of  contents;  discovery  and  exploration  on  the 
Atlantic  coast;  the  Northmen;  Sebastian  Cabot,  1407;  Ponce  de 
Leon,  1512;  Lucas  Yasquezde  Ay  lion,  1620-1525;  John  de  Verrazano, 
1524;  Estevan  Gomez,  1525:  English  vovage.  1527:  Spanish  expedi- 
tions, 1524-1543 ;  Capt  Jean  Ribont ;  Sir  John  Hawkins.  1565:  Florida. 
1565-1574 :  Sir  Walter  Raleigh  :  Capt.  John  White,  15h7-1590;  Coast  of 
New  England,  1602-1605;  Gosuoldand  Gilbeit,  1602;  Martin  Pring,  1603; 
Bartholomew  Gilbert,  1603;  Sienr  de  MonU  and  Champlain,  1606; 
Capt  George  Wevmonth,  1605;  Capt.  Christopher  Newport^  1606; 
Capt  John  Smith,'  1608;  Capt.  Pouham  and  Raleigh,  1607;  Cant. 
Samnel  Argall.  1613;  Capt^  John  Smith.  1614  ;  Henry  Hudson,  1600 ; 
David  Pletersz  do  Vries.  1632 ;  table  of  maps  of  the*  Atlantic  ooaat 
of  North  America,  or  parts  thereof,  publisheil  between  1500-1770; 
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GEODESY— Continued. 
GEOGRAPHICAL  EXPLORATIONS-Cuntlnued. 


Tear. 


Pap^M. 


Subject  and  auihor. 


1880 


1888 
18U0 


dii»covery  and  exploration  of  the  Gulf  of  Mexico— abetract  of  con* 
tente;  Colnmbus.  UQ2-1502;  Sebastian  Cabot.  1497;  Juan  Diaz  de 
Solia  and  Yincente  Yanez  Pinzon,  1506;  Sebastian  deOcaropo,  1606; 
Juan  Ponce  de  Leon,  1512 :  Yelasquez.  1511-15U;  Die^o  Miraelo.  1516; 
Cordova;  Gr^alva  and  Alaininos,  1518;  Fernando  Cortez,  1519;  Doa 
Alonzo  Alvarez  Pineda,  1519;  Karvaoi,  1520;  Pineda  and  Camargo^ 
1620;  Francisco  de  Garai,  1523;  Narvaez,  1527-1536;  De  Soto,  1539^ 
Diego  Maldonado,  1540;  Andres  de  Ocampo,  1543:  Guide  de  Las  Baza- 
res,  1558:  French  and  English  adventurors,  1555-67;  Menendez,  1578; 
New  Mexico.  1581-83;  Kobi>rt  de  U  Salle,  1682;  Juan  Enriquea 
Rarroto.  1685 ;  Iberville.  1698-'99;  St.  Joseph's  Bay,  1718;  Galvesion< 
Bay,  1721;  Charlevoix,  1722:  titles  and  copies  of  maps  illustrating 
Dr.  Kohrs  History  of  the  Discovery  and  Exi>]  oration  of  the  Gulf  of 
Mexico ;  discovery  and  exploration  of  the  Pacific  coast  of  the  United 
State's,  abstract  or  contents— introduction,  1532-1570;  California,  1532- 
'34:  California.  ]53r)-'36;  Califurnia,  1539- '40;  Sir  Francis  Drake.  1579; 
Francisco  Gali  and  Jayme  Juan,  1581 ;  Sebastian  Rodriguez  Cerme- 
non,  1505;  Sebastian  Yizcaino,  1596;  New  Mexico  and  California, 
158^1717;  Juan  ngart«.  1722,  1732,  1746,  1766;  Russian  expeditions; 
French  expeditions,  1769;  Franciscans  and  Yanoouver,  1760-'92;  Mis- 
sions, 1769 ;  Don  Juan  Bautista  Anza,  1774 ;  Sonora*San  Diego,  1776 ; 
Northwestern  coast,  1775;  San  Francisco  Bay,  1775;  Santa  Clara 
Mission,  1776.1779;  Capt  James  Cook,  1778;  La  P^rouse,  1786.1786-17ir7; 
Capt  John  Meares,  1788:  Strait  of  Fiica,  1780;  Don  Manust  Quimper, 
1790;  Malaspina.  1791;  Marohand,  1791 :  Yancouver,  1792-'95;  Gali- 
ano  and  Yaldes.  1792  Caaraano,1792;  Capt.  W.  R.  Brouehton,  1796-'96 ; 
Lewis  and  Clarke,  1804-06;  Russian  expeditions,  1803-'06;  Fur  oomna- 
niea,  1806-'21;  Russian  settlements.  1812-'4l;  Missionary  travels ; 
Capt  F.  W.  Becchy,  1827;  Sir  Edward  belcher,  1836-'42;  French  ex- 

glorations.  1820-'42;  Unitetl  States  expedition^  1820-'47 ;  United 
tates  exploring  expeditions,  1838-'41;  Oregon  and  California,  1842-'46; 
Ma).  W.  H.  Emory,  U.  S.  Corps  Topographical  Engineers,  18i6-'47 ; 
titles  of  copies  of  maps  of  the  Pacifiic  coast  of  North  Amf^rica,  or 
parts  thereof. 

].V>  2r)3  :  An  examination  of  some  of  the  early  voyages  of  discovery  and  exploration 
:  on  the  northwest  coast  of  America  from  1539  to  1603^— By  George 

I  Davidson.  A.  M..  rii.  i>..  Assistant. 

Intro<1uctlon.  prefatory  remarks :  efforts  to  reconcile  many  of  the  discrep- 
ancies uf  the  old  Spanish,  English.  American,  and  French  navigators; 
indomitable  courage  and  perseverance  of  the  old  Spanish  navigators ; 
many  of  the  positions  of  Ulloa,  Cabrillo.  Ferrelo,  Drake,  and  Yiz- 
caino c-an  now  be  located ;  eflfort  to  follow  the  navigators  day  by  day ; 
some  of  the  authorities  cited;  origin  of  name  California;  what  it 
designated ;  principal  work  consulted ;  description  of  localities  by 
the  different  navigators.  Ferrelo.  Cabrillo,  Ulloa,  and  Yizcaino.  with 
notes  by  Davidson,  placed  in  four  parallel  colunios;  table  of  the 
landfalls  of  Cabrillo  (C.)  and  Ferrelo  (F.),.  with  their  names  by  Ul- 
loa (U.),  Drake  (U.),  and  Yizcaino  (Y.),  and  the  present  names  and 
latitudon.  Index  to  Appendix  7.  1886.  Prefatory  note;  authorities 
and  publications  consulted  or  referred  to;  discoverers  and  explorers; 
harliors  (portH)  and  anchorages,  bays,  channels,  coves,  sulfs,  lagoons, 
straits;  liead lands;  capes,  i>oints.  bluffs;  islands,  reefs,  and  rocks; 
monntaiiis  and  mountain  ranges  (Sierras),  table-lands  (mesas);  rivers, 
and  Htreams;  settlements;  Indian  villages  (Pueblos) ;  misoellaneoua 
notices.    I  Illustration  18.] 


10 


3  0     Bulletin  No.  2.    Notes  on  Alaska  from  recent  surveys. 

7r>9-774  Notes  on  an  ori^al  manuscript  chart  of  Bering's  expedition  of  1725- '30,  and 
on  an  original  manuscript  chart  of  his  second  expedition ;  together 
with  a  summary  of  a  journal  of  the  first  ex|>edition.  kept  by  Peter 
Chaplin,  and  now  first  rendered  into  EDglish  from  Bergh's  Jkussian 
version.— By  William  H.  Dall.    (Two  illustrations.) 

18D0  I         20      775-777     On  an  <»«rly  chart  of  Long  Island  Sound.  -By  ('apt  C.  H.  Townnhend. 
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SIM  KIT  LEVELING. 


Year. 


Appen 
niz. 


ra|;M. 


]85t  i 


1800 


34  ;    9:^-103 


1?70 


38 


397 


!■>■  I 


A 


1870 
1871 


I 


0 
II 


Ort  91 


151  170 


1879 


13       2rj-208 


1879 


1980 


10  ,    212-213 


11 


1.15  111 


1882 


R-.  ! 


11        .'il7  .V.0 


1887 


9  !     18>  20!i 


Subject  and  aiitlior. 


IfeaAarement  of  heigbtB.— T.  J.  Cram. 
Expt^rimental  comparison  of  the  racthoda  of  nieaiinriiif;  heif^bta  by  l^TeL 
iniE,  by  vprtioal  anglem  by  tbe  barometer,  and  by  the  ItolliDg-polnt 
apparataft.    (Errata,  102;  1855,  p.  xix.] 

Table  of  helffhta  for  tbn  aae  of  topofEraphem — C.  A.Sohott. 
H«i|;ht  in  feet  correapondinj;  to  a  fn^oo  angle  of  elevation  and  a  jriven 
dUtance  in  metrea,  for  use  in  the  conatraction  of  contour  linea  by 
plane  tablea. 

Keport  on  the  leveling  operationa  between  Kevport,  on  Itaritan  Bay,  and 
Crloiiceater,  on  the  Delaware  Kiver.  to  deterroiue  tb<>  heighta  a1>ove 
mean  tide  of  the  primary  stations  Beacon  Hill.  DiAl>oit>,  Stony  Hill. 

Mount  Holly,  and  Pine  ifill R.  D.  Cutta. 

Ileightia  above  roeau  tide  detennined  by  the  apirit  level,  p.  75:  tidal  ata- 
tiona,  p.  75;  inatriimenla,  p.  76:  tiaal  olMervationa  and  recorda,  p.  76. 

Lint  of  heiiehta,  above  the  half-tide  level  of  the  ocean,  of  trigonometrloal 
stations  determined  by  the  U.  8.  Coast  Survey. 

Comparison  of  the  metho«ln  of  determining  heighta  by  meana  of  leveling, 
vertical  anctea,  nnd  l»arometric  measures,  from  bbscrvationa  at  Bodega 
Head  and  Ross  Mountain.  Clalifornia  --George  Davidson, C.  A.  Scholt. 
(1)  Result  of  the  leveling  operations.  (2)  Results  of  hourly  •ibservatiooH 
of  reciprocal  and  simnltnneons  zenith  distAncen  for  difference  of 
heights  of  the  two  stationM;  Tablea  1  to  6,  seniih  distances,  atmoa- 
pheric  pressure,  etc.  -.  reduction  of  zenith  diHtances :  diagrams. 
(3)  Results  of  hourly  olwervations  of  atmospheric  pressure  for  diflVrr- 
ence  of  heights  of  the  stations;  diagrams. 

Precise  leveling.— O.  II.  Tittmanu. 
Instruments  and  methods  used  in  tiie  Coast  and  Geodetic  Survev 
(Sket'Ch  No. .'i3):  description  of  level:  rod  and  target;  adjustment!* 
(Figs.  1  to  6);  verification  and  adjustments  of  the  rods;  methods — 
(1)  simultaneous  double  leveling  in  one  direction  :  (2)  leveling  In 
opposite  directions:  mothod  of  observing  (a,  b,  r,  (t) :  river  orosaiug  : 
bench  marks:  degree  of  precision;  records  and  computations; 
curvature  and  refraction;  temperature  coriection;  table  of  curva- 
ture and  refraction  ;  form  of  reconl;  form  of  coni]MitAtion;  fonii  of 
abatract  of  results. 

Refraction  on  lines  passing  near  a  surface  of  wat^r,  from  observations  made 
at  different  elevatious  across  the  Potoma**  River.— Andrew  Braid. 
Summary  of  results. 

Geodetic  lereling on  the  Mississippi  River.     Andrew  Braid. 
Bench  marks:    instrument;    rods;    method  of  obsorving:    specimen  of 


record;    probable  and  mean  error: 
45. 4(1, 47. 


abstract  of  results:    sketches* 


Rpsultt  of  the  transcontinental  line  of  gerMlotir  spirit  leveling  near  the 
parallel  of  39^.  First  psrt  from  Sandy  II<if»k,  X.  J.,  to  St.  lA>uis, 
Mo.  -Field  work  executed  by  Andrew  Braid,  Assintant  (with  map). 
Reduction,  by  Charles  A.  Sciiott,  Assistant. 
Prefatory  remarks :  det^^rniination  of  the  mean  tidal  lev»>l  at  S.indy  Ho«)k  ; 
instrumental  constants;  probable  error  of  resuItN  from  gf^iMletic 
spirit  leveling :  table  of  results  from  Sandy  Hook,  N'.J..  to  Ha<;pra- 
towu,  Md. :  descriptions  of  primary  and' s<>condar.^  bench  marks 
l>«tween  Sandy  Hook,  X.  J.,  and  IIai!«TMtown,  Md. :  tsblo  of  resulta 
from  Hagerstown.  Md  ,  t4»  (ii-Mfton,  W.  Va. :  dfsoription  of  primary 
andaecondary  bench  marks  lictween  Hagerstown,  Md.,  snd  (irafton, 
W.  Va. ;  table  of  rosulls  ft oiu  Grafton,  W.  Va.,to  Athens.  Ohio;  de- 
scription of  primarj  and  Kccondary  lioncb  marks  l>etween  (rniflon, 
\V.  Va.,  and  Athens,  Oliio:  table  of  results  from  Athens,  Ohio,  to 
Mitchell.  Ind. :  description  of  primary  and  secondary  bencli  marks 
from  Athens,  Ohio,  to  Mitchell.  Ind. :  table  of  resulta' from  Mitchell. 
Ind.,  to  St.  Louis.  Mo. :  description  of  primwry  and  secondw 
liench  marks  between  Mitchell,  Ind..  and  St.  Louis,  Mo. ;  sketch 
showing  the  position  of  the  priucipal  bench  marks  from  Sandv 
Hook.  N.  J.,  to  St.  I.Kmis,  Mo.     (IlluHtration  32^.] 

Heighta  from  apirit  levelings  of  precision  between  Mobile,  Ala.,  and  Car- 
rollton  (Naw  Orleans),  Ln.— F^xecuted  bv  J.  B.  Weir,  Assistant,  in 
]885-'86.  Reported  by  Charles  A.  Scliott,' Assistant 
Route  of  levels,  date  of  leveling,  observer,  instruments,  and  insirnmental 
constants  ;  comparison  of  length  and  divisions  of  rmls  with  standard 
CD  Sax  ton's  dividing  and  com  purlQg  mnrhine:  method  of  observing; 
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HYPSOMKTRY— C'ontinuod. 


SPIRIT  LEVELING-Continued. 


Year. 


1887 


1888 


1888 


^SK"- 


Pages. 


Subject  and  author. 


14       275  300 


1888 


10       409  4?G 


statistical  infonnation ;  compatAtions;  resalts  in  three  tables.  I 
c-ontains  the  individual  results  nnd  the  necessary  data  to  enable  one 
to  judge  of  the  accuracy  of  the  measures;  II  shows  the  resulting 
heights  and  probable  uncertainties  of  the  principal  bench  marks 
between  Biloxi  and  Carrollton  above  the  average  Gulf  level  and  a 
comparison  of  results  from  two  levelings,  i.  e.,  that  by  the  Missis- 
sippi Rirer  Commission  and  that  by  the  Coast  and  Geodetic  Survey ; 
III  exhibits  the  resulting  heights  and  probable  uncertainties  of  the 
line  Biloxi  to  Mobile ;  description  of  bench  marks. 

Report  of  the  results  of  spirit  leveling  of  precision  aliout  New  York  Bay 
and  vicinity  in  1886  and  1887.— ObAervations  by  John  B.  Weir,  Assist- 
ant, and  J.  E.  McGrath,  Subaasistant.  Discussion  by  Charles  A. 
Schott,  Assistant- 
Route  lines  of  levels,  with  map ;  observers  and  dates  of  leveling  ;  instru- 
mental constants:  method  of  obnerving;  computations;  resulting 
elevations ;  result  of  geodetic  leveling  in  the  vicinity  of  New  York, 
1886-'87:  main  line  ft-om  Sandy  Hook,  N.  J.,  to  DobbsFerrv,  Hudson 
Rirer,  N.  Y. ;  accuracy  of  the  preceding  resulte  for  heights ;  loca- 
tion and  deseription  of  bench  marks  in  tne  main  line  and  branches  of 
spirit  levels,  Sandy  Hook  to  Dobbs  Ferry.    [Illustration  43.] 

Heights  from  spirit  leveling  of  pi  eoision  between  Mobile,  Ala.,  and  Okolona, 
Miss.— Field  work  by  J.B.  Weir,  Assistant,  and  J.  £.  McGrath,  Sub- 
assistant,  in  1881, 188iB,  1887.    Reduction  b3  C.  A.  Schott,  Assistant. 


11 


427-45r>  Heights  from  spirit  leveling  of  precision  between  New  Orleans,  La.,  and 
Arkansas  City,  Ark.— Field  work  between  New  Orleans  and  Green- 
ville, Mids.,^0.  H.  Tiltraann  and  Andrew  Braid,  Assistant*,  and 
by  John  B.  Weir,  Subaasistant,  in  1870,  18i^0.  and  1881,  and  between 
Greenville,  Miss.,  and  Arkansas  City,  Ark.,  b>  the  MisaisHlppi  Rivt* r 
Commission,  in  1880  and  1881.  Reduction  by  Charles  A.  Schott, 
Assistant. 


12 


1889 


15 


453-464 


461-466 


Heights  from  spirit  leveling  of  precision  between  Arkansas  City,  on  the 
Mississippi  River,  and  Little  Rock,  Ark.— Field  work  by  J.  £. 
McGrath,  Subassistant,  in  1887-1888.  Reduction  by  Charles  A.  Schott, 
Assistant. 

Result  of  spirit  leveling  between  tide  water  at  Annapolis,  Md.,  and  the 
Capitol  bench  mark  at  Washington,  D.  C. — From  observations  in 
1875,  by  F.  W.  Perkins.  Assistant.  Report  by  C.  A.  Schott,  As- 
sistant. 
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1854 


34 


1868 


1870 


1870 


1871 


(t5  103 


124-129 


77-89 


9 


11 


90-91 


154  ITO 


Measurement  of  heights.— T.  J.  Cram. 
Experimental  comparison  of  the  methods  of  measuring  heights  by  level- 
ing! by  vertical  angles,  by  the  barometer,  and  by  the  boiling-point 
apparatus.— [Ermta,  102 :  1865,  p.  xix. 

Trigonometrical  leveling.— R.  D.Cutts. 
(1)  By  reciprocal  zenith  distances ;  (2)  by  zenith  distances  measured  at 
one  station;  (3)  by  observed  zenith  distanoes  of  the  sea  horizon ;  (4) 
by  observed  angles  of  elevation  or  depression. 

Report  on  the  results  of  barometrical  observations  made  in  connection  with 
the  line  of  spirit  leveling,  from  Raritan  Bay  to  the  Delaware  River,  to 
determine  the  heights,  eto.— R.  D.  Cutts. 
Comparison  of  instruments  and  the  determination  of  personal  errors,  pp. 
77-81 ;  the  computations,  pp.  81-89. 

List  of  heights,  above  the  half-tide  level  of  the  ocean,  of  trigonometrical  sta- 
tions determined  by  the  IT.  S.  Coast  Survey. 

Comparison  of  the  methods  of  determining  heights  by  means  of  leveling,  ver* 
tical  angles,  and  barometric  meitsures,  from  observations  at  Bodega 
Head  and  Ross  Mountain,  (*alifomia.—  George  Davidson,  C.  A.  Schott. 
(1)  Result  of  the  leveling  operations ;  (2)  results  of  hourly  observations  of 
reciprocal  and  simultaneous  zenith  distances  for  difleience  of  heights 
of  the  two  stations :  tables  1  to  6,  zenith  distanoes,  atmospheric  pres- 
8ure,-etc. :  reduction  of  zenith  distances;  (3)  results  of  hourly  ouser« 
vations  of  atmospheric  pressure  for  difference  of  height*  of  the  at** 
tions;  diagrams. 
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A  subject-index  to  the  professional  papers  contained  in  the  annual  reports,  etc, — Continued. 

HYPSOMETRY— Conlinued. 
TRIGONOMETRIC  AND  BAROMETRIC  HEIGHT.S-CoDtinned. 


Te*r. 

Appen- 
dix. 

1871 

12 

PagoB. 


Siihjer.t  ami  author. 


1870 
1870 


10  ! 

17  : 


318-353 
;i:.5  307 


1670 


IB  <    .308-387 


1870 
1881 


19 
10 


1883 


12 


ni-ns    Report  on  the  leveling:  op*>rations  b*«tw«M>ii  Koyport,  on  Rjiritan  Rnj.  and 

Glouceater, on  the  T>elaware  Kivor,  in  (Icternniirt  the  lifM;;bt  iibuve 

mean  tide  of  the  primarv  stationa  Beacon  Uill,  Di.i born.  Stun v  Hill, 

Monnt  Holly,  and  rine  Hill.— R.  I).  Cutta. 

Tidal  Atationa;  instiiimentR;  field  operations  andrerords;  Tables  I  to  V. 

Reprint  of  Appendix  11,  Report  of  1871. 

Obaerrationa  of  atmospheric  refraction.— Contribution  No.  II.— C.  A.  Schott. 

Determination  of  several  heiffhta  by  the  spirit  level,  nnd  measnres  of  re- 
fraction by  zenith  dirttauces  ;  alfto,  obserrations  of  the  barometer  at 
Kagized  Mountain,  Maine,  by  F.  \V.  Perkins. 

(A)  Resulte  of  the  operations  by  spirit  level  executed  near  the  entrance  of 
Penobscot  Bay  in  1874;  (B)  rfsults  of  observations  of  senith  dis 
tances  at  Ragged  Mountain  for  atmospheric  refraction :  tables ;  di«- 
gram;  meteorological  observations;  (C)  meteorological  obttenrations 
at  Ragged  Mountain,  at  Mount  Desert,  and  at  White  Head  Light  i 
two  short  simultaneous  sets;  resuHing  differences  of  height. 

Atmospheric  refraction  and  adjustment  of  hypsometric  measures. — Contri- 
bution No.  Ill— C.  A.  Sohott. 
Determination  of  the  coefficient  of  refraction  from  zenith  distances  ob* 
served  in  northern  Georgia,  by  Assistants  C.  O.  Boutelle  and  F.  P. 
Webber,  in  1873  and  1874,  and  adjustment  of  difference  of  heights  by 
the  method  of  least  squares :  (1)  results  of  atmospheric  refraction  ob- 
served at  stations  in  northern  Georgia  in  187,^1874 ;  tabulated  zenith 
distances :  determination  of  the  coeflicient  of  refraction  from  observed 
zenith  distances ;  resulting  ralnes  for  coefficient  of  i-efraction ;  (2) 
computation  of  heights  of  stations  from  measure<I  ditleience  of  heiglit^ 
with  application  of  the  method  of  least  squares ;  heights  above  mean 
sea  level :  adjustment  of  results ;  formation  of  conditional  equations  i 

I  equations  of  correlatives;  normal  equations;  probable  error  of  result- 

ing heights;  additional  remarks  and  examples  for  adjustment  of 

I  heights  measured  under  conditions  different  from  those  obtained 

above;  table  of  log.  M  and  log.  N ;  table  of  logarithms  of  radius  of 
curvature  to  the  earth's  surface  for  various  latitudes  and  azimuths, 

j  based  upon  Clarke's  ellipsoid  of  rotation  (1808)  and  for  the  metric  unit. 

38S-3PO     Hypsometric  formulae,  based  upon  thermodynamic  principles.— <7.  A.  Schott. 

t 

21*5  23^  Meteorological  researches.  Part  III— Barometric  hyi  sometry  and  reduction 
of  the  l>aroineter  to  sea  level,  by  William  Ferrel. 

I  Chapter  I,  the  theory  of  barometric  hypsometrv ;  Chapter  II,  practical 
applications  of  the  theory ;  Chapter  III,  reiluction  of  the  barometer 

'  to  the  sea  level ;  hypsometrical  tables;  errata  in  Part  II ;  diagram.— 

i  (Illustration  3^.j 

280  321     Results  of  observations  for  atmospheric  refraction  on  the  line  Mount  Diablo 

to  Martinez,  ('alifornia,  in  connection  with  hypsometric  measures  by 

spirit  level,  the  vertical  circle,  and  barometer,  made  in  March  ana 

April,  1880,  by  George  Davidson,  Assistant.    Reported  by  Charles  A. 

i  Scnott,  Assistant 

Tntroduclion ;  observations  of  doable  zenith  distances  for  the  measure  of 

refraction  and  of  differences  of  height. 
Table  I,  Zenith  distances  of  Martinez  east,  observed  at  Monnt  Diablo, 
and  i-educed  to  stntion  marks  at  both  stations,  March  and  April,  1880. 
Table  II,  Zenith  distances  of  Mount  Diablo,  observed  at  Martinez 
east,  and  reduced  to  station  marks  at  both  stations,  March  and  April, 
1880 ;  combination  of  the  preceding  tabular  zenith  distances  to  obtain 
a  homogeueons  series  of  hourly  mean  values.  Table  III.  Observa- 
tions at  Mount  Diablo,  California,  March  and  April.  1880.  Table  IV, 
Obserrations  at  Martinez  east,  California.  Table  V,  Diurnal  varia- 
tion in  angle  of  refraction,  in  the  coefficient  of  refraction,  and  in 
error  of  computed  differences  of  height.  Table  VI,  Atmospheric 
pressure  observed  at  Mount  Diablo,  March  and  April,  1880.  Table 
Vll,  Atmospheric  pressure  observed  at  Martinez  east,  March  and 
April,  1880.  Tabic  VIIT,  Atmospheric  temperature  observed  at 
Mount  Diablo,  March  and  April.  1880.    Table IX,  A tmospheric  tem- 

SBratnre  observed  at  Martinez  easts  March  and  April,  1880.  Table  X, 
bserx'ations  of  atmospheric  humidity  at  Mount.  Diablo.  March  and 
April.  1880.  Table  XI,  ObservHtlons  of  humidity  at  Martinez  east, 
March  and  April,  188U.  Table  XLI,  Observations'  at  Mount  Diablo, 
California,  March  and  April,  18H0.  Table  XIII,  Observations  at 
Martioei  eo^t.    Table  XIV,  Obaervatioos  at  Mount  Diablo,  C«U* 


EEPORT   FOR   1891 PART   II. 


403 


A  suhject-index  to  th^ prof essional papers  contained  in  the  annual  reports,  etc, — Continued. 

HYPSOMETRY— Continued. 
TRIGONOMETRIC  AND  BAROMETRIC  HEIGHTS— Continued. 


Year. 


18^ 


Appon- 
clix. 


rai;e«. 


Subject  and  author. 


10       391   4W 


fomia,  March  and  April,  1880.  Table  XV,  Observations  at  MarUncs 
east,  CaliforniA.  Table  XVI,  ObRervations  at  Mount  Piablo,  Call- 
fomU,  March  and  April.  1880.  Talile  XVI  I.  Observations  at  Martinez 
east.  California;  barometric  differences  or  height ;  Br.  Jordan's  for- 
mula. Table  XV  III,  Values  of  A^f  computed  1  from  Jordan  and 
Riihimann's  formulfo,  with  apparent  error  in  mean  temperature  t. 
Table  XIX,  Comparison  of  Bauernfeiud's  theory  of  refraction  with 
observations  at  Mount  Dialdo  and  Martinez  ea^t.  Table  XX,  Com- 
parison of  Jordan's  theory  of  refraction  with  observations  at  Mount 
JDiablo  and  Martinez  east.  Table  XXI,  Rat^  of  change  of  tempera- 
ture with  altitndo  for  the  stratum  of  air  between  Martinez  east  and 
Mount  Diablo.  Table  XXI  (b).  Rate  of  rhanp»»  of  temperature  with 
altitude  for  the  stratum  of  air  between  Bodega  Head  and  Ross 
Mountain.  California,  and  c^mpHrison  of  observM  and  c-ompnted  tem- 
peratures at  these  stations.  Tablo  XXII.  Comparison  of  deduced 
and  observed  temperatures  of  the  air  at  the  observing  stations  Mar- 
tines  east  and  Mount  Diablo.  Table  XXIII,  Observations  of  the 
direction  and  fon>-e  of  the  wind  and  stste  of  the  skv  at  Martinez  east, 
California,  March  and  April.  1880.  Table  XXIV,  Observations  of 
the  direction  and  force  or  the  w|pd  and  state  of  the  sky  at  Mount 
Diablo.  C'Slifornia,  March  and  Ajiril,  1880.  Diagram  of  the  hypso- 
metric measures  at  Mount  Diablo  and  Martinez  east,  California. 

Results  of  a  trigonometral  determination  of  the  heights  of  the  stations 
forming  the  Davidson  quadrilaterals.  Observations  by  George  Dav- 
idson, assistant,  1870-1882.  J^iscussion  by  Charles  A.  Schott.  assist- 
ant. 1884. 
Introductory  remarks;  accommodation  of  observations  to  Jordan's  for- 
mulie  with  auxiliary  tables;  ab.stra^'.t  of  resulting  vertical  measures 
and  computations  of  heights  of  stations  forming  the  Davidson  quad- 
rilatorals,  California;  specimen  of  record;  specimen  of  abstract  of 
resulting  daily  measures  of  the  zonith  distance  of  the  same  object; 
abntrart  of  resulting  zenith  distances  and  of  other  data  for  the  com- 
putation of  heights  involved  in  the  Davidson  quadrilaterals;  renuU- 
ing  difforences  of  heights ;  estimate  of  the  probable  error  of  the 
resulting  A^  and  determination  of  weights  for  theii  adinstraent ; 
adjustment  of  the  measured  differences  of  heights  of  stations  form- 
ing tiie  counection  of  the  Yolo  base  with  the  principal  triangulation 
by  application  of  the  method  cf  least  squares  by  the  process  referring 
to  indirect  observations,  with  diagrams;  recapitulation  of  measures. 
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TOPOGRAPHY. 


1855 

21 

162.  163  , 

I8r.5 

22 

161 

1855 

•2A 

164,105 

■ 

1856 

i>i 

281,282  ' 

1 

1860 

38 

3D7 

1865 


oo 


203-231 


Now  York  City.— Report  of  F.  H.  Gerdes,  Assistant,  on  his  topographical 
sutvey  of  Manliattan  Island. 

Report  on  topography  executed  h^  the  party  of  Assistant  S.  A.  Gilbert  on 
the  western  and  southern  sides  or  Liong  Island. 

Report  on  topography  exacuted  by  the  party  of  Assistant  A.  M.  Harrison  on 
the  coast  of  New  Jersey. 

Comparative  maps,  Now  York  Harbor.— A.  Bosohke. 
&f  ethod  of  survey. 

Table  of  heights  for  the  use  of  topographers. — C.  A.  Schott,  Assistant. 
Height  in  feet  corresponding  to  a  given  angle  of  elevation  and  a  given 
distance  in  metres,  for  use  in  the  construction  of  contour  lines  by 
plane  tables. 

1  reatiso  on  the  plane  table  and  its  nse,  with  diagrams. — A.  M.  Harrison, 
Assistant. 
Description;  adjustments;  paper;  scales;  projections  for  field  work: 
three-point  problem ;  practical  modes  of  determining  the  position  of 
a  fourth  point  by  resection  upon  three  fixed  points;  Lehmann's 
method;  Netto's  method;  Bessels  methods;  two-point  problem ;  field 
work:  contours;  example;  table  of  heights;  chain;  telemeter;  table 
ofrednction  of  hypothenuse  to  base:  reconnaisaaooe:  oflioe  worl(«— > 
(Sketches  30,31,32.) 
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Tear. 

^JT 
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SahjKt  ind  ■ullior. 
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u 

lei 

Report  on  Ui«  piepanUoil  of  aUDdanl  loposraphlul  dnviDKL-B;  Edwin 

" 

173-am 

4  lT»M[MnB  UepUDo  UbleM.i  it>  iiM  in  topoKrapWwl  •ottejing.-Bj- 

B.«wl '■  iBcthwl 


loriM  quadriltt- 


mlDini.  (nm  tliS  triiUBiB  of  error,  tan  piwfllaD  nf  ft  fonttb  poiat  by 
rsMclIon  npira  thrw  HihI  polDrii;  Ltliniinn'ii  mnUioil;  Nrttu^ 
niilluKi:  tvu-polnt  pmblMn  :  rcpr>u<>D(>[lon  or  thn  terrrnci  Mblewt 
heiehUiriwnple:  riirmiiUfordrlrrnilnlDEhrUliUb.vsrertinliinKls 

and  diaUDW !  (innpld;  compariMW  nf  fiwt  mid  inMrtu;  mgulvmad 
iriTKnlBi  mrlbod  or  deibrmlniDj;  rarT«^  «djii><inent  of  Ibn  nnw  lU- 
dkile  fur  oliMrtatlan  of  ■Ulliid*-^  eiunple;  d<lUlic«;  atadi*^  I«ni' 
powd  or  two  piirU,  rod  and  teleaiww  wllb  Ttirllcal  arc;  focal  dia- 
Ud»:  ila  reJatlnn  I"  Mic  di>Un(  •M'd:  Wbtd  Tor  reduOlon  or 
liypoihonnae  to  baao;  pmjeiiliiu  for  HFid  abwU.— [Illuatratloni tt 

iTor— «r  E.  Hi;ra»»heinifr,  Auiit- 


Typ*  forma  uf  topographj,  Oolui 

I      DIaeiiulan  of  Ihc  forma  of  the  bllla  and  inDUDtafn*  nf 
I  Innibl*  Rl'cr  below  Wallula.  witb  dlaGnus.— |II 

Ktporton  th«  propimtion  nf  nUndanl  lapODrmphii^l  di 
I  Heiscaliglnier,  Aaalauut. 

Llaiof  drawioga  wbtob  leprwu-nt  tarion*  tpivliil  Xf 
wlUi  bipoEiublcal  iltaKlaKi  to  hfi  iiMd  a*  enlilt 
plaoa-MIJIe  abMta.— [Illiiiiirxlona,  3fi  to  SO.f 
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■  Soiow  ptie  algnala  alonK  Florida  rt tf.—  raniva  Tollan. 

AlisniDit  reltortnr  or  lul«rraniirr,  Mnut*g.— E.  II.  Uiml. 

Florida  rMrsiinw-pllf  bi'iuxina.— U>-Kriptl(Hi  ofslKDali — lain**  TittI 
I  BpMlmen  bor.-B.  F.  Sandt. 


Sanda'a  hydrogranhtc  aifnal B.  F.  Snnda. 

D«aiTipllon  Rnd  drawins  of  bin  ass-pipe  nluunl  u 
DoK  I>Und  Itaf.-^l^kHi'fa  M.| 


-|Sk»tebM.J 


I  MethadDfa«eepinx.-(SHnept1>i>al*lFll<iat».  fit,.) 

I  donodlne  apparatus. 

N>w  method  pniposed  hy  E.  B.  Hunt  fur  »i>iin<lli>:  In  nmdrr.lte  dpptba. 

aounjlog*  niado  with  Hnnl  »  aoiiodine  appnratiis.— W.  I 
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39) 

Sound! 

E 

apparatu 

li-a, 

for 

130-137 
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-(Errata,  182,133;  IBS;,  p,  rt 
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Year. 

Agf«. 

Pa^es. 

1874 

17 

86-71 

1883 

7 

187-2r7 

• 

1878 

*•  •  •      •  «  «  - 

50 

1883 

1-81 

Subject  and  author. 


The  aame. 

A  table  of  depths  for  the  harbors  of  the  coastn  of  the  United  aeateB.~Pre- 
pared  in  onf line  bv  C'oniroancler  Edward  P.  Lull,  U.  S.  N.  Expanded 
and  extended  bv  J.  S.  Bradford,  Assistant-,  and  Mr.  John  W.  Parsons. 
Tides :  table  of  depih^  Atlantic  coast;  table  of  depths,  Gnlf  coast ;  table 
of  depths,  Pacific  coast;  table  of  depths,  Pacific  and  Arctic  coasts, 
Alaska  and  eastern  coast  of  Asia. 

General  instinctions  in  regard  to  inshore  hydrography. 

General  iD.struetious  for  h jdrographic  work — (One  pamphlet,  octavo,  sepa- 
rately printed.) 


PHYSICAL  HYDROGRAPHY. 

TIDES,  CURRENTS.  WINDS.    AND  SHORELINE  CHANGES  DUE  TO  THE  ACTION  OF 

THE  SEA. 


1852 


]845 

3 

41-43 

1846 

8 

68-70 

1850 

8 

80-81 

]850 

9 

81-82 

1851 

7 

127-136 

1851 

8 

136-137 

1851 

28 

482-4(^4 

1851 

31 

468  404 

1851 

,         50 

1 

528-5.10 

1851 

50 

553-558 

1852 

1           8 

84 

185-> 

12 

22       111  122 


Remarks  on  the  currentH  in  Mississippi  Sound  and  changes  in  the  majrnetio 
variation  —P.  H.Gerdes. 

Tides  at  the  entrance  of  Ifobile  Bay.— C.  P.  Patterson. 

Encroachment  of  the  sea  on  the  south  side  of  Long  Island.— Prof.  A.  G. 
Pendleton. 

Progress  of  Sandy  Hook  from  1848  to  1860.-  H  L.  Whiting.— [^e  Sketch  8 
(B,  No.  4. 1851).! 

Notes  on  Cat  Inland 'tides.— A.  D.  Bacbe. 
Discnsaioo;  table  of  diurnal  and  semidiarnal  carves.- [Sketch  35  (H, 
N08.2-C).] 

Graphical  method  of  representing  cnrrent  observations,  aa  used  in  theCoaat 
Survey.— A.  D.  Bache— (Sketch  3  (A,  No.3).J 

Beaufort  Harbor,  North  Carolina.— H.  L.  Whiting. 
Operative  causes  ot  its  physical  permanency.  — [Sketch  17  (D,  N0.6).] 

Florida  coa«t  reconnoissauce.— F.  H.Gerdes. 
(A)  DeHcription  ;  (B)  snrvey ;  (C)  tides  and  currents;  (D)  railroad  across 
the  peninsula;  (E)  ligbthonses  and  bnovs;  (F)  general  remarks  on 
Cedar  Keys  Harbor.— [Sketches  27, 28,  and  29.  J 

San  Diego  River  entrance.— [Sketches  6  and  l.\—{See  C, statistics ;  a, coast, 
western.) 

Hell  Gate  Channel. -W.  A.  Bartlett. 
Examination  of  reefs  and  changes  produced  by  blasting.— (Errata,  p.  iz.] 

On  Pot  Rock,  Hell  Gate.— W.  A.  Bartlett 

U.S.  Const  Survey.  Directions  for  observations  of  tides.  Printed  for  the 
use  of  the  tidal  observers  from  the  msnnscript  instructions,  1852. 
(Two  illustrations.)    Gideon  Sl  Co.,  printen. 

Discnssion  of  Cat  Island  tides.— A.  D.  Bache. 
Table  I.  Sketch  1,  diama)  and  semidiurnal  corves  deduced  from  observa* 
t ions,  with  curves  of  sines ;  (A)  diurnal  wave;  heights  and  times; 
II.  Sketch  2.  maximum  ordlnates  of  diurnal  curve,  etc. ;  III,  Sketch  3, 
effeotof  sun's  declination  on  height;  IV,  effect  of  moon's  parallax : 
V  and  VI,  coefficients :  Til,  computed  dinrnsl  ordinales  compared 
with  observations ;  VIII,  Sketch  8,  residosls  rlsased  by  moon's  ages ; 
IX,  same,  corrected  by  change  of  cosines;  X,  difference  of  diurnal 
maximum  ordinatea.  from  laat  and  from  first  methods  of  croups— 
semldiumsl  effect;  XI,  correotion  to  maximum  diumsl  ordinate  for 
high-water  ordinate;  XII  to  XV,  further  r>sidu«l  coriections;  com- 
parison with  hypothesis ;  (B)  semidiurnal  cnrve;  XVI,  half-monthly 
iuequa  Ity  in  height;  XVII,  discrepancies  between obaer\' at iona  and 
formula.- [Sketch  25  (H,  Noa.  &-9).]-[ErrftU,  pp.  11$,  119, 121;  1853^ 
p.  182.1 
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rUVSlCAL  IlYnKOCiHAPHY— Conliiinnl. 

TIDES,    CUKKENTS,  WINDS.  AND  SRORKLINE  CITANciES  DUE  TO  THE   ACTION  OF 

THE  SEA— Coutiniicd. 


T^r.j^J'r- 


1853 


18r>3 

1853 
1853 
1853 
1854 
1864 

1854 

1854 
1854 


1854 


1854 


1854 


1864 


1854 


1854 


1855 


1855 


27 


28 
20 


38 


14 

29 

30 
i5 


46 


48 


49 


50 


62 


Pagen. 


71-76 


77-81 
81  82 


23  I 


24 


04  06 


152-155 


161-1C6 


166  168 


IGS  170 


180  190 


Subject  auil  anther. 


21  23 

35  37 

37-40 
147  152 


53       190  101 


1G4-165 
170-171 


Koten  on  tl<l«*8  at  Kv\  West. — A  D.  IJac-he. 
Tablo  I,  balf'iuoiitLly  iQeouality  ef  tU\on,  odc  year's  observatiuun ;  II,  tlinr- 
iiai  inequality,  wltb  formula;  dccomponitiun  of  the  curves  of  obMerva- 
tion  ;  temidinroal  tides ;  III,  Urnt  six  niouUiH ;  IV,  secund  nix  luoutbM ; 
Y,  tbe  whole  year;  diurnal  tides:  VI,i>tIVct  of  inoon'8  do<*linatiou ; 
VII,  moon's  age:  cbangos  of  iiioau  levei ;  VIII,  heltcbt  of  hlifh  water 
referred  to  moon's  age,  first  and  serond  months;  IX,  monthly  mean 
level.— [Sketches  27  (F,  No.  4}  and  28  (F,No.  5)  ] 

Notes  on  tides  at  Kincon  Point,  Cal.— A.  D.  Baohe.—i Tables  I  to  lY.I— 
(Sketch  48  (J,  No.  7)]. 

Notes  on  the  tides  at  Sau  Francisco,  Cal  -A.  D.  liache. 

Sandy  Hook  changes.— [Sketch  8  (li.  No.  3).] 

Solfregistering  tide  gauge,  Saxton's.—£.  M.  Hunt.— [Sketch  54.] 

Craven's  current  indicator.— [Ski^tch  55.] 

Bi'sufort  Harbor,  North  Carolina.  -  J.  N.  Matlit. 
Its  capacity,  cliaugeH,  and  improvomentrt.     [Skotch  23.  | 

Nautuck(>t  and  Vineyard  Sonnd  tides.— II.  Mit<'Iicll. 
Method  of  Mccuiiug  Mitclieirs  tide  gauge;  remark^on  swells.— [Sketch  57.] 

Westeni coa««t  tidal  and  mngnetic  observations.—  W  P.Trowbridge. 

(Nitidal  liufrt,  Atlantic. — A.D.  Baclie. 
Preliminary  determinatiouM  of  cotidal  lintis  on  the  Atlantic  coast  of  tbe 
Uniteil  States,  from  Coast  Survey  observations.  Table  I,  observa- 
tions for  colidal  hours:  II,  cotidal  hours  of  ports  on  the  Atlantic 
coast;  III,  rate  ana  tren<l  of  cotidal  lines.— (Sketch  26.1— [Errata,  161 ; 
1855,  p.  xix.J 

Diurnal  inequality,  western-coast  tides.— A.  D.  Ba<'he. 
(^lomparison  of  the  diurnal  inequality  of  the  tides  at  San  Diego,  San  Fran- 
cis<'4>,  and  Astoria,  with    tables.— [Sketch  40.]— [Errata,  153;    1869, 
p.  xix.J 

On  the  currents  ttt  Nantucket  Shoals.— C  A.  Schott. 
On  the  curn'nts  of  Nantucket  Shoals,  from  Coast  Survey  current  observa- 
tions.— Table  I,  mean  direction;  II,  maximum  veliK^itv  ;  III,  groups 
of  luni-current  intervals.-  [Sketch  13  (A,  No.  12).]— [Errata, pp. Itf6, 
166:  185r>.p.xix.] 

Mudkeget  Channel  and  Marthns  Vineyard  currents.-  C.  A.  S*'hott. 
Table  showinv:  the  currents  and  rate  of  current  in  Muskeget  Channel  and 
on  tbe  northeast  coa«tt  of  Mart  lias  Vineyard;  vrlocitv  of  current; 
duration  of  elili,  tlood.  and  slack  water:  curreutestaldishments.— 
(Sketch  14  <A,  No.  13j ;  aKso,  1855.  Sketch  6]— [Errata,  pp.  167,168: 
1855,  p.  xix.  I 

Tides,  Long  Isbnd  Sound  and  ap]>roai-hes.— C.  A.  Schott. 
Table.  I,  range,  or  mean  rise  and  fail  of  tides,  to  April,  1853  ;  II.  corrected 
or  mean  tstablisliments,  to  April,  1853;  III,  set  and  maximum  rates 
of  ebb  and  Hood  Htreanis ;  1V^  luniciirreut  interval  for  beginning  of 
outgoing  streams  ;  eastern  part  of  the  Sound,  18tti-  '47;  western  part 
of  New  York  Bay  and  channel.  1x44;  New  York  Harbor,  1844-'45 ; 
Hell  Gate.  1845;  Hell  Gate  and  Tbrogrt  Neck.  1816:  V,  mean  dura- 
tion of  slack  wat^^rs  and  of  respective  ebb  and  flood  str«>ams,  from 
the  middle  (time)  of  one  slack- water  period  to  that  of  the  next;  YI, 
irregularity  of  luni-curi-ent  intervals  of  Huecessivf  tides.— [Sketch  16 
(B,  No.  2).l-(Errata,  pp.  172, 174:  18ri5,  p.  xix] 

Cnrrent-bottles. 
One  from  Mobile  Bay  to  Mosquito  Inlet  and  one  from  Cape  Florida  to 
Jupiter  Inlet. 

Seacoust  tide-gauge.— H.  Mitchell. 
De>'<-riptieu  of  tide-gaii^e  useil  at  stations  on  the  oi)en  seacoastand  In 
situations    ex]>oMed    to    strong    cuirents.— (Sketch   57. ]  -  (/sTc'e,  aZ«u, . 
35  37.)- [Errata,  for  Sketch  K  read  Sketch  57.] 

Sandy  Hook  changes.-  [See  New  Jersey,  etc.l-  A.  M.  Harrison.— [Sketob 
No.  9.  J 

Kemaiks  by  Mr.  Bo.<«cbke  en  surveys  made  at  di£rerent  periods  in  New  York 
Harbor. 


REPORT   FOR  1891 — PART  11. 


407 


A  8Hhj€ct-index  to  the  prof esf^ionnl  papers  contained  in  the  annual^eports,  etc, — Continued. 

rUYSICAL  HYDROGRAPHY— Continued. 

TIDES.  CURRENTS,  WINDS,  AND  SHORELINE  CHANGES  DUB  TO  THE  ACTION  OF 

THE  SEA— Continaed. 


Year. 

1855 
1855 


1855 


1835 


1856 


18jG 


Appen 
Uix. 


33 
50 


1856 
185C 

i8r>6 

1856 

1856 

1856 
1856 


1856 

1856 

1857 
1857  i 
1^57 


51 


52 


34 


35 


36 

37 
38 

39 

40 

43 
44 


45 


46 

16 

17 
3:1 


Pages. 

222-223 

338-342 


342-346 


346-347 


249-251 


252-260 


Salject  and  author. 


260-261 

261  263 
263-264 

264-266 

266-267 

271-272 
272-276 


276  278 

279  280 

152  153 
153-155 
M2-347 


Nantaoket  Sound.— H.  Mitchell. 
Tidal  otwetTations ;  interference-phenomena. 

Pacific  ootidal  lines— A.  D.  Bache. 
Tidal  observations.- Table  I,  tide  stations  on  the  western  coast  of  the 
United  States ;  II,  data  for  co-tidal  lines  of  the  Pacific  coast  of  the 
United  States:  co-tidal  hours;  co-tidal  groups;  III,  disonsaion  of 
the  middle  group  between  Cape  Mendocino  and  Point  Conception.— 
Chart  of  co-tidal  lines.— [Sketch  49.] 

Earthquake  wares,  Pacific  Ocean.— A.  D  Bache. 
Notice  of  earthquake  waves  on  the  western  coast  of  the  United  States, 
December  23  aud  25, 1854;  computation  of  ocean  depth.— [Sketch  50 
(J,  No.  9).]— [Errata,  pp.  342. 345 :  1855,  p.  xviii.] 

Gulf  ot  Mexico  tides  — A.  D.  Bache. 
Observatious  and  type  curves  at  the  Aevernl  stations,  showing  their  de- 
composition into  diurnal  and  semidiurnal  tides. 

Prediction  tables — A.  D.  Bache. 
Notes  on  the  progress  mado  in  their  preparation  with  reference  to  tides  of 
Boston  Harbor. 

Co-tidal  lines,  Gulf  of  Mexico.— A.  D.  Bache.  • 

DiftcuHftiun  and  preliminary  determination.- Table  I,  diurnal  wave ;  II. 
stations,  etc.;  lil,  diurnal  intervals;  IV,  tide  elements  of  the  sta- 
tions; V,  itemidinrnal  tides:  VI,  comparison  of  establishments  of 
dturual  and  semidiurnal  tide?)  in  the  Gulf  of  Mexico.— [Sketches  35 
aud  36] 

Type  ciiT\e8,  Gulf  of  Mexico. 
Desoriptive  references  to  Sketch  No.  38,  representing  the  deoompositlon 
of  curves  of  observatiouH.— (Sketch  38  ) 

Interference  tideH.  — n.  MitchelL 
On  observationrt  made  in  Nantucket  and  Marthas  Vineyard  soonds. 

Tidal  currents  at  Sandy  Hook. — A.  D.  Bache. 
Notes  on  the  cuuteH  of  northwardly  increase  of  the  peninsula.— [Errata, 
p.  264:  1856,  p.  XX.  1 

New  Vork  Harbor  and  dependencies.— H.  Mitchell. 
On  tidal  and  current  observations  made  in  New  York  Harbor,  city  docks, 
Newark  Bay,  and  the  Kills. 

Hudson  River.— G.  Wiirdemann. 
On  tidal  observations  made  between  Albany  and  New  York  City.— 

lSlcetch«.l 

Windi4  of  Alliemarle  Sound.— L.  F.  Pourtales. 
Di8cuH»iou  of  their  effect  niran  the  tides.— [Sketch  16.1 

Winds  in  the  Gulf  of  Mexico. -A.  D.  Bache. 
Dii]cii84ion  relative  to  the  distnrbanee  caused  in  the  intervals  of  successive 
tides  at  several  stations  on  the  Oulf  coast. — Table  1,  quantity  and 
direction  of  wind  at  Key  West,  Fla.,  1851-'52 ;  II,  at  Fort  Morgan. 
Ala.,  ]847-'49;  III,  at  Galveston.  Tex. 

Winds  and  tides  in  Cat  Island  Harbor.— Results  deduced  by  G.  W.  Dean.  As- 
sistant, from  observations  made  by  G.  Wardemann  and  R.  T.  Baa- 
sett.-[Sketch  39.] 

Cards  from  curren^bottles. 
Picked  up  on  the  shore  of  Loggerhead  Key,  Fla.,  and  on  the  North  Caicos, 
Bahamas. 

Beaufort  Harbor.  North  Carolina.— C.  R  P.  Ro«lKers. 
Present  condition  of  bar  and  anchorage.- [Sketches  29  and  30.] 

Cape  Fear  Entrances,  North  Carolina.— J.  N.  Maftit. 
Elements  of  physical  changes  wronght.— [Sketch  83 ;  also^  1855,  Sketob  It.] 

Atlantic  coast  tidea.— Generalisation  of  hoi^lits  relative  to  the  conflguratlon 
of  the  r^ant.— A.  D.  Bache. 
Table  I  (A),  heights  of  tides  on  the  Atlantic  coast  of  the  United  Stat«a\ 
II  (B),  on  the  coast  of  Cape  liroton  and  New  Bcona^wv^.— >^!iaAVS«v^ek\ 
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PHV.'-ICAL  HYDRrXrKAPHV— C«*iiunii#rd. 

I  IDES,  Cr&REKTii  \I'INCM.   A9D  SQOKELIXE  CHAW.ES  U3E   TO  TBE  ACTION  OP 

THE  SEA— C<iBCiB(ied. 


V«r.  ^gPf"      Pa<« 


S  ibj«rt  &dJ  AQtbor. 


ia:;; 


11^: 


le-'*7 


1858 


»       3  VO  3SI 


'!«       3S4  r;S« 


3.'*^  373 


ur,7 

4» 

iifi  w. 

Ikbl 

Ou 

403-104 

liiVi 

13 

150  ISl 

18W ; 

LT 

197  ^{ 

2i 
30 


-^ 


IMSi^ 

1 
31 

WS 

3« 

185tt 

2(1 

1K69 

28 

18ft9 

35 

IMGU 

41 

IMC'2 

9 

1802 

24 

1861 

G 

r 

9 

1  i<leii  and  cnrrent^  in  the  N'antiuLet  MiJ  Vineyard  aonnd*  aad  in  Baas 
Kiv«-r— H.  MiK^bell. 
Hrll  GaM  and  virinitv    tMra  And  cnrrentA     Hudwn   Rirer  lerclisfn: 
Nuktiu-'ket  and  Martfaai  Vinciard  «oanda.  tides  and  camiita. 

W;fiil4  on  the  w«:4t«m  L^inat  —  A.  D.  Ba^  br. 
Table  for  df^aoinz  from  tbe  thre«  da  I7  obMxraiiunA  tb«  m^an  of  the  day. 
•IQiintitteB  ot  wind,  tables  for  Astoria.  Sm  Franc i«C4>  and  San  Diege, 
«od  special  vtnd  «tiiti«ti«:«.— [Sketch  M  | 

NVw  \uik  HAib«>r,  r«»p<jrt  of  advi^iirv  ioancil. 
Pii>9ical  caawn  of  rb^nce*  (1;  Cfaanxea  at  Sandv  Hook .  (2»  northern  wide 
of  frnlranre.  Coney  Inland  and  toatb  ehore  of  Look  Island  :  (3)  New 
Vork  bar  U^  Xvv  Tork  Cpper  Bay:  <5f  Newark  Bay  c6)  Hndj«>n 
Rirer  <7»  East  Ktrei  10  Tlim^s  Neck;  statistic  extncU.—[ Errata, 
p. 272    l^.'A  p  XX.  1 

'I  ide  teauKe,  Trenchard's. 

|Sk*-t/'h7:^.l 

Tide  gauge  for  deep  water.  Mitcbell's. 
!Sketrh72  ] 

Cap«  Fear  entrances.- T.  R  Huger. 
Kereiit  rbaogev  io  the  hydrography.— (Sketches  12  and  lt.1 

NVh  York  Bay  aD<I  Sandy  Hook  — A.l>  Bache. 
Oil  the  chararter  of  the  tidal  carrents  in  the  vicinity  of  the  bar:  (1> 
Normal  mrreuta  at  the  entrance  to  New  York  Bay;  (2)  False  Ho.ik 
(;hann*-1  and  the  appniaches :  i3)  i-arrentd  of  Saody  Hook  Bay.— Tables 
I  to  IV.  lonar  time,  duration,  velocity,  and  direi-tion  ot  currents ;  V 
and  VI.  velocities currected  for  diurnal  and  half  mouthly  inequalitiea. 
.-■Sketch  39.1 

EsMt  Klver  and  N**w  Tork  Bay.— H.  Mitchell. 
On  the  observations  of  surface  and  laboorrents. 

Co  tidal  lineif  of  an  inclosed  sr^a.  as  derived  from  the  eqoilibriam  theory. — 
Benjnmin  Peirce. 
(li  Oenenil  theory ;  (2)  its  modiflcation  by  the  iocompleteness  of  the  in- 
cloHore. 

Dyaarnici  of  orean  rurrent«j*— E.  B  Hunt. 

.SiMindin;;  ap|mr.itu9  and  tide  meter,  pmiiosed  by  E.  B.  Hunt.— J.  M.  Balch- 
I  elder. 

,      Not«N  on  its  principles  and  application. 

311  J17  .  N«  w  York  Harbor— H.  Mitcliell. 

On  its  physical  nnrvov.  with  denoriptioo  of  apparatus  for  observing  the 
iiiiTfiitu  — [Sketch  4u  ] -[Errata,  p.  317;  1S60,  p.  xx  J 

32U-  321     (Juneiit  cardA  thrown  from  the  surveying  steamer  Convin,  and  found  onthn 

!  eastern  cuast  of  Floiida. 

I 
3«.'>.3G0     Tide  meter.— J.  M.  Katr.h-lder. 

KeMults  of  experinit.-nts  made  with  the  apparatus  devised  by  E.  B.  Hunt 

399  4U2     Lubrmlor  expedition.     A.  Murray. 

'      lleport  of  a  voyage  of  steamer  liibh.  and  remarks  on  the  winds  and  Udea. 

I'M  12H     (yiitiJal  linHs  of  tho  (julf  of  Me\i4^n.  dediicMl  from  recent  obaervations.— A. 
D.  Bache. 
!      Tables  of  diurnal  iiud  semi-diurnal  tides.  -  [Sketch  46.  J 

238  241      Karlhquake  waves.- A.  IK  Ba4*he. 

'  llepTint  of  a  paper  di*du<>.iQg  the  denth  of  ihe  Paciflc  Ocean  from  the  eflbct 
of  the  Simoda  earthquake  on  tue  tide  gauges  iu  California  and  OrMron 
in  ]8&4.-[ Sketch  60.) 

57     Beaufort  Harbor.— E.  Cordell. 

Dt*vcIopnient  of  changes  at  the  bar  and  In  the  channel. 

91  92     Tidet  ut  Tahiti.  South  I'acidc  Uoeiin. -Their  gbneral  characU^r.— J.  Rodgera 
I      [Sketch  40.) 


204-207 
21 u  213 


213  210 

247  24iii 
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PHYSICAL  HYDROGRAPHY— Continued. 

TIDES,   CURRBN'TS,    WINDS,    AND   SHORBLINE  .CHANGKS  DUE  TO  THE  ACTION  OP 

THE  SKA— CoDtinued. 


Year. 

1866 
1865 
1866 


1866 

185J 

1854 

18a5 

1856 

1857 
1866 

1859 

1800 

1861 
1862 
1863 
1864 
1866 
1867 
1867 


Appen- 
dix. 


6 

11 

6 


1867 
1867 
1868 


18 

26 

51 

53 

17 

20 
43 

14 

16 

9 
8 
12 
8 
7 

12 
13 


U 

15 


Pages. 
45 
138 
44-46 


113-119 

67-70 

180-180 

317-359 

120-133 

157-178 
275-297 

136  167 

131-164 

98-131 

93-126 

84  117 

58  90 

47  49 

149-157 

158  169 


Subject  and  author. 


170  175 
176-179 


15        61-102 


*  In  1866 
for  one 


Entrance  to  Cape  Fear  Rirer.  North  Carolina—  T.  S.  Bradford. 
Hydrograpblo  rhange«.— iSketch  13.  J 

Explanation  of  dingrani  of  type  curves  of  the  tides  on  the  Pacific  coast. 
lSketch26.] 

Hell  Gate  tides  (East  River,  K.  Y.).— H.  Mitchell. 
Prelimlnarv  report  on  the  ioterference  tidea  oC  Hell  Gate,  with  directions 
for  reducing  the  soundings.— Table  of  relative  elevations  of  tidal 
planes  from  observations;    tides  and  currents  of   Hell  Gate,   from 
observations  of  1857. 

Tidal  observations  at  Cat  Island,  Gulf  of  Mexico:  Notes  of  a  discussion.— 
A.  D.  fiache. 
(Reprinted  from  the  report  for  1851.)-^[Sketch  30  ] 

Tide  tables  for  the  use  of  navigitori^  with  description  of  bench  marks, 
explanatioDs  and  examples  for  use.— A.  D.  Bacne. 

Tide  tables  for  the  use  of  navigators.— A.  D.  Baohe.— [Errata,  181,  182,  183, 
185:  1855,  p.  XX.] 

Tide  tables  for  the  use  of  navigators.— A.  D.  Bache.—|  Errata,  319.  851,  353, 
351.  358:  1857,  p.  xvili.j 

Tide  tables  for  the  use  of  navigators.-  A.  D.  Bache.— (Errata,  130:    1856, 

p.    XX.  I 

Tide  tables  for  the  use  of  navigators.— A.  D.  Bache. 

Tide  tables  for  the  use  of  navigators.- A.  D.  Bache.— [Errata,  279:    1859, 
p.  xvl.j 

Tide  tables  fur  tho  use  of  navigators.— A.  D    li^iche.  — [Errata,  145:    1860, 
p.  XX.  j 

Tide  tables  for  the  une  of  navigators.— A.  D.  Biche —I  Errata,  161:   1860, 

p.   XX.  1 

!  Tidt*  tables  for  the  use  of  navigators.— A.  D.  B.ftche. 

Tide  tables  for  the  use  of  navigators.— A.  D.  Bache. 

Tidf  tables  for  the  use  of  navigators.— A.  D.  Bache. 

Tide  tables  for  the  use  of  navigators.— A.  D.  Bache. 

Predictions  for  Ea-stport,  as  a  si>ecimen.* 

Proviucetown  Harbor,  Massachusetts. —Special  survey  — H.  L  Whitiug. 

Tides  and  currents  of  Hell  Gate,  N.  Y.— H.  Mitchell. 
General  scheme  of  tides  and  currents :  (1)  General  scheme  of  tidal  iuterfer- 
ence;  observations  and  results;  curves.  (2)  Tides  from  stations  se- 
lected as  characteristic  for  New  Tork  Harbor  and  its  approaches. 
1857-'58,  with  diagram;  intervals  and  heights  of  tides  from  simuliu- 
neous  observations,  May  and  June,  1857,  arranged  acconling  to  hour 
of  transit;  curves  of  half-monthly  inequalities.  (4)  Re<«toratioo  of 
level  iN^tween  gauges  at  Hell  Gate  Ferry  and  Pot  Cove,  1867 :  dia- 
gram. (5)  Currents  of  New  York  Harbor;  general  scheme  of  cur- 
rents, graphic. 

Merrimack  River,  Massaohusetts.- H.  Mitchell. 
Surveys  respecting  its  navigation,  with  tables.- [Sketch  2.] 

Report  on  sonndlngi  made  to  derelop  the  character  of  the  Strait  of  Florida 
between  Key  West  and  flaTana.    By  H.  Mitchell. 

Discnsiiitm  of  the  tides  in  Boston  Harbor.— W.  FerreL 

The  observations  and  the  locality;  expression  of  the  disturbin(C  forces; 

tidal  expressions;  object  and  plan  of  disonssiod. — Tables  I,  II,  III, 

and  IV,  of  average  normal  valaes ;  Y,  the  constant  or  mean  tide ;  the 

semimonthly  lne<iuality ;  VI,  Inequality  depending  upon  the  moon's 

was  begun  the  senarate  publication  of  Tide  Tables,  predicting 
year  in  advance  tne  tides  on  the  Atlantic  and  Paci^c  ^Q%a\% . 
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u.  s.  Coast  axd  geodktic  survey. 


A  suhjeot-itidrr  io  the  prof fjs/tionalpapprs  oontaiiwd  hi  Ihv  anunnt  rtporfM^  ctr. — Continued. 

PHYSICAL  TIYDROGRAPnY-Contiuiiwl. 

TIDES,  CURRENTS,  WINDS,   AND  SHORE-LINE  CHANGES  DUE  TO  THE  ACTION  OF 

THE  SEA^-CoDtinucd. 


Y^.  I^SK"- 


1808 
1809 


SnltJect  and  aaihor. 


0 
5 


mean  anoniHty :  VII,  ineqiialitv  depending  npoD  the  moon's  lonjci* 
tude;  VII  bifiineqaality  (lepenuinK  ui>on  the  Mun's  aoonialy  and  lon- 
gitude; VIII, inequality  depending  upon  the  moon's  node;  IX, ine- 
qualities depending  upon  ijg  and  1)9 ;  diurnal  tide ;  recapitulation  of 
results;  comparisons  with  the  eqnilibriiim  theory ;  determination  of 
the  general  constants :  comparisons  with  the  dynamic  theory ;  pre* 
diction  formulas  and  Tables  I-XI ;  computation  of  a  tidal  ephemeris  ; 
cuuclusion ;  example  of  the  computation  of  a  tidal  ephemens. 

103-108  <  Mode  of  forming  a  brief  tide  table  for  a  chart,  with  example.— R.  S.  Avery.— 
!  (Sketch  29.] 


75-104 


UC'J 


ISC'J 


13       233-234 


15  I    '-'36  'JD9 


1870 

187U 
1870  , 
lt'70 


I 

0 
10 
11 


00-69 


r«»  74 


Reclamation  of  tide  lands,  and  its  relation  to  navigation.— H.  Mitchell. 
(1)  General  discussion  ;  soour  of  tidal  and  river  currenfa ;  general  rule  of 
bur-scouriiig;  parallel  works:   transverse  works;  physical  history  of 
salt  marshes;  shingle  lovees;  other  natural  levres;  Peirce*s  crite- 
rion ;  (2)  Held  work ;  Green  Harbor  River ;  North  River :  tabular  sec* 
tiouA  of  shingle  levees:  sand  beach;  section  of  slueway  formed  by 
Minot*s  gale  ;  general  rise ;  local  changes  of  heights  of  tide — tables ; 
f  ffect  of  a  dam  ;  general  conclusions  relative  to  the  projects  of  recla- 
mation ;  shore  of  Nahant ;  tabular  sections ;  maps  and  diagrams  (In 
text). 

Abstract  of  a  paper  read  before  the  National  Academy  of  Sciences,  April  10, 
1869,  on  the  earthquake  wave  of  August  18. 1868;  wave  table.— J.  E. 
Hilgard. 

Reports  concerning  Marthas  Vineyard  and  Nantucket.— H.  L.  Whiting  and 
H.  Mitchell. 
(A)  Edgartown  Harbor,  changes ;  Vineyard  Haven,  its  character  as  a  port 
of  refuge  and  its  present  condition  ;  Table  1,  exposure  of  anchorages 
in  Provincetown  Hsrhor;  II,  in  Vineyard  Haven;  III,  in  Great 
Woods  Hole;  IV,  in  Tarpaulin  Cove ;  V.  in  Edgartown  Roadsteafi ; 
VI.  in  Old  Stage  Harbor;  VU.in  New  Be<lford  Harbor  and  Quick's 
Hole;  VIII,  in  Plymouth  Harbor;  IX,  in  Boston  Harbor  an«t  Nan* 
taskot  Roads;  X.  in  Rostou  Harbor  nnd  Hull  Bay;. XI,  in  Boston 
Harlior  and  Presidents  Roads  and  Georges  Roads;  XII,  in  Marble- 
head  Harbor;  XIII,  at  Salem  Harbor;  XIV,  at  Gloucester  Harbor ; 
XV,  in  Lower  Bay,  New  York  Harbor;  XVI,  in  Upper  Bay.  New 
York  Harbor;  XVII,  anchorage  room  and  average  exiiosure  in  the 
respective  harbors.  (B)  Surveys  of  summer,  1871 :  (1)  Physical  aspect 
and  peculiarities;  (2)  Edgartown  tides,  difference  of  heights ;  (3)  Nan- 
tucket tide  table ;  (4)  elements  of  the  field  work. 

Tabular  statement  of  results  of  computed  tide  tables  for  charts  of  the  west- 
ern coast  of  the  United  States.— R.  S.  Avery. 

Mode  of  forming  brief  prediction  tide  tables.— R  S.  Avery. 


92-07  I  Description  of  bench  marks  at  tidal  stations. 

*)S~'39  I  Extract  from  a  report  rtdative  to  a  method  of  determining  elevations  along 
the  course  of  a  tidal  river,  without  the  aid  of  a  leveling  inntrument,  by 
setting  up  graduateti  staves  at  such  distances  apart  that  the  slacks  of 
the  tidsl  currents  extend  from  one  to  another.— Rule:  The  difference 
in  the  elevations  of  the  zeros  of  the  gauges  is  equal  to  one-half  the 
snm  of  the  differences  of  their  readings  at  the  two  slack  waters. — 
Hen  17  Mitchell. 


1870 
1«70 
1871 

1871 
1371 


18       1841-181 


•JO       190  19l» 


0  I        93  99 


100-lO.S 


8       110  133 


On  the  probable  effect  of  extended  piers  in  modifying  the  channel  facilities 
of  San  Francisco  Bay,  near  Verba  Buena  Island. — Henry  Mit<rholL 

On  the  moon's  mass,  as  deducetlfrom  a  discussion  of  the  tides  of  Boston  Har- 
bor. —William  Ferrel. 

Meteorological  effects  on  tides.— William  Ferrel. 
Graphic  representation  of  the  relative  amounts  and  direction  of  the  wind 
for  each  of  the  four  seasons  for  Boston. 

Meteorological  register,  St.  Paul  Island,  Alaska.  1870-'71.    By  Capt.  Charles 
Bryant,  special  agent  Treasury  Department. 

Harbor  of  New  York.  1873.— Henry  Mitchell. 

Increase  of  Jersey  Flat^^;  diagram  A  ;  changes  in  Buttermilk  Channel  t 

c-h:inges  in  the  vicinity  of  Middle  Ground  Shoal  and  Gowanns  Bayt 

changes  at  and  near  the  Sandy  Hook  entmnce  ;  tides  and  curreutu  ) 

phenomena  in  the  pathway  of  the  Hudson  ;  movement  through  EmI 
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A  suhjfit-indvjr  lo  fhe  profv/inional  papers  contained  in  the  annual  reports,  etc. — Contiuued. 

PPIYSICAL  HYDROGRAPHY— Continued. 

TIDES,  CURIIENTS,  WINDS,  AND  SHORE-LIKE  CHANGES  DUE  TO  THE  ACTION  OF 

THE  SEA— CoDtinaed.    « 


Year  '^VP**"' 


3871 


1871 


1872 
1872 

1872 


1872 
1672 
1873 

lfc73 


9 


10 


6 

I 

10 


Pages. 


10 
17 

8 


1873  ;  10 


1874 

12 

1874 

1874 

16 

1874 

1875 

11 

1875  12 


\ 


Subject  and  aathor. 


134-143 


144-153 


69-72 
73,74 

177-212 


257-261 

2C2-265 

01-102 


9  I     10:!-107 


108, 109 
135  147 


2C8 

154 

16 

189  193 

194  221 


Kiver;  East  Klver  and  HudHou  tidal  current  oooiuared ;  reUtiouiiof 
East  River  moTements  to  those  over  the  bar ;  Tables  1  to  17 ;  dla- 
grams  B,  C,  D.— [SkeU'bes  30, 31, 32.] 

Nauset  Beach  and  Monomoj  Peninsula.— H.  Mitchell. 
Physical  history  of  the  neighborhood  of  Monomov  (SIcetoh  No.  35) ;  recent 
movement  of  Chatham  Beach  in  detail;  tables. 

location  of  harbor  lines.— Henry  Mitchell. 
Value  of  tidal  volume ;  encroachment  on  the  channels ;  isodynamic  lines 
(Sketch  No.  35) ;  example ;  anchorage  and  winding  room  ;  requisite 
depths  of  frontage;  length  of  slips;  riparian  rights;  laws  establish* 
ing  harbor  lines. 

Field  and  office  work  relating  to  tides.— R.  S.  Avery. 

Maxima  and  minima  of  tides  on  the  coast  of  New  England  for  1873.— William 
Ferrel. 

Harbors  of  Alaska  and  the  tides  and  currents  in  their  vicinity.— W.  H. 
Dall.— I  Sketch  No.  18.1 
Statistics;  notes  on  the  North  Paciflo  current:  hydrographic  notes  on 
Captains  Bay  and  vicinity;  meteorology  of  I7na&shka;  tides  of 
Iliulink;  compound  tides:  semidiurnal  tides;  tide  referred  to  the 
lower  transits  ;  to  the  upper  transits ;  semidiumkl  tides;  tidal  our« 
rfiUt  of  Unalashka;  the  Alaska  current;  its  effect  on  the  climate  ot 
the  Aleutian  district;  the  circular  current  of  Bering  Sea;  the  Shu- 
luagin  Islands ;  western:  east-ern  ;  miscellaneous hydrorraphic notes; 
meteorological  obstirvations  from  September.  1871,  to  October,  1872  ^ 
current  obfl<?irvatiouM;  tides  of  Iliuliuk. 

Middle-gronod  shoal,  New  York  Harbor.— H.  Mitchell. 
Tables  of  current  observtitions.— [Sketch  No.  22.] 

Shoreline  changes  at  Edgartown  Harbor,  Mass.— H. L. Whiting.— [Sketch 
No.  23.] 

PhVHical  survey  of  Portland  Harbor.— H.  Mitchell. 
Currt>8i)ondence ;  sectious  1  to  10  for  velocities  of  tidal  current ;  diagrams 
of  the  t«n  sections. 

Additional  report  concerning  the  changes  in  the  neighborhood  of  Chatham 
and  Monomoy.    H.  Mitchell. 
Tho  leai  point  of*  interest;  corrections  of  previous  paper;  results  of  the 
last  Murvey,  tables,  diagrams. 

Changes  in  tbt^  submerged  contours  off  Sandy  Hook.— [Tables,  diagram.]— 
Henry  Mitchell. 

Terminal  points  of  the  proposed  cfinals  through  Nicaragua  and  the  Isthmus 
of  Darien.— H.  Mit^ihell. 
Grey  town :  history  of  the  harbor;  causes  of  its  decline  and  final  destruc- 
'  tion ;  the  work  of  restoration;  obstructions  of  the  lower  San  Juan; 
re<>apitulatioii ;  result  of  foregoing  discussion ;  Urab&  mouth  of  the 
Atrato;  conclusions  relative  to  the  improvement  of  the  Urab&; 
Brito ;  conclusions ;  Limon  and  Chiri  Chin  Bays ;  general  exjMSure. 

Tidal  researches.— William  Ferrel.— (Four  illustratious.) 

Ocean  salinometer. — J.  E.  Hilgard. 

On  the  air  contained  in  sea  water.— By  Oscar  Jacobsen.    Republished  for  the 
U.  S.  Coast  Survey  from  Annals,  Ch.  and  Ph.,  Tol.  167, 1873. 

Recent  observations  at  South  Pass  Bar,  Mississippi  River.— [Skateh  No.  24 ; 
tables.) -H.Mitchell. 

Discussion  of  tides  in  New  York  Harbor.— William  Ferrel. 
General  plan  and  immediate  object  of  the  discussion;  adopted  notations; 
averages  deduced  from  the  observations ;  Tables  I  to  Vl ;  seniidiumal 
tides,  half-monthly  inequality ;  lunar  parallactic  inequalitj* ;  mean 
lunar  declinational  ineouality;  lunar  nodul  inequality ;  solar  declina- 
tiounl  and  parallactic  inequalities;  mean  sea  level;  diurnal  tide; 
Tablt)  VII:  comparison  of  theory  with  observation  ;  practical  appli- 
cation; directions  for  computing  a  tidal  ephemeris.  Appendix:  Ta- 
bles  I  to  IV,  for  computing  heights  and  times  of  hi^h.  ^^Vtx  \N^^^\aacs^!^ 
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tetaDroloskal  raasarcliH  far  tke  use  gf  [be  Cuaat  Pilol.— ISketcbuSI  to 

:iT.|— WlllUniF^rrfl, 
Prefiilor*  note  l)V C.l'.  PitWraon.  SiiperinWndrtit, 
Paitl.  On  the  niM'baniri  and  general  niolloB  orihe  Btmoaphere. 
Cbaptei  I,  UoDCral  njuatlona  of  (be  niuilans  and  prewure  of  tbe  atmoa- 

Cliap'er  II.  Tba  tempnratare  anil  preaaurv  of  tbe  atnKHph»re  at  Iha 
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A  8uhj€ct-indcx  to  the  prof etaional  papers  contained  in  the  annual  reports,  etc. — Continued. 

PHYSICAL  HYDROCiKAPHY— Continued. 

TIDES,   CURRENTS,    WINDS,   AND  SHORELINE  CHANGESDUK  TO  THE  ACTION  OF 

TUE  SEA— Continued. 


Year. 

Appen- 
dix 

1878 

10 

•1878 

11 

1879 

10 

1879 

13 

18R0 

1880 

9 

1880 

10 

1880 


1881 


188: 


1883 


10 


16 


17«-287 

206 
243 

268-004 


175-190 

199 
1-221 


110-125 


126  134 


297-340 


18  i    461  469 


Subject  and  author. 


15      427-133 


433-4.36 


MoteoroIogicAl  reaearcbee  for  the  nae  of  the  Goaat  Pilot.— William  Ferrel. 
Part  II.  On  cyolonoa,  watentpoutu,  and  tornadoea. 
Chapter  I.  The  theorr  of  cvclonea. 
Chapter  It.  Practical  applioatioa  of  the  theory  and  coropariaon  with 

obaervatioD. 
Chapter  III.  Tornadoes,  hail  atornia,  and  wateropouta.- [Sketchea  Not. 
33  to  38. 1 

Tidea  in  Penobscot  Bay.— Williain  Ferrel. 
I,  (;eneral  principles  of   the  harmouic  analysis  and  discussion  of  tide 
observations.    II,  p.  284,  analysis  of  the  tides  of  Pulpit  Cove.     Ill, 
p.  296,  comparison  of  observations  with  theory.    IV,  p.  590,  practical 
application. 

Physical  hydrography  of  the  Gulf  of  Mainn.  — H.  Mitchell,  As<«i4tant. 
(jeneral  description;   tides  and  tidal  currents;   Tables  1  to  7;   George's 
Bank  ;  Tables  8, 9. 

Addendum  to  s\  report  on  a  physical  survey  of  the  Delaware  River.  —Henry 
Mitchell,  Asni.ttant. 

Deep-sea  aoondinK  and  dredging.  A  description  of  the  methods  and 
applianoea  used  on  board  the  Coant  and  Geo<letic  Steamer  Blake.^ 
By  C.  D.  Sigsbee.  L'eatenant- Commander  U.  S.  N.,  Assistant.— 
(41  plates,  13  wood  cati.) 

Comparison  of  the  surveys  of  Delaware  River  in  front  of   Philadelphia, 
1848  and  1878.— H.  L.  Marindin,  Assistant. 
Tables  1,  2.    Supplement,  p.  116;  Tables  3  to  10. 

Comparison  of  surveys  of  Mississippi  River  in  the  vicinity  of  Cubitt's  Gap. — 
H.  L.  Marindin,  Asststant. 
Tables  1  to  5. -[Sketch  No.  44.) 

Bering  Sea.— W.  H.  Dall,  Assistant. 
Report  on  the  currents  and  temperatures,  and  also  those  of  the  adjacent 
waters;  sources  of  information ;  surfdoe  temperature:  tables  of  tem- 
peratures; paok  ice:  summer  temperatures;  the  Kuro  Siwo  and  its 
extensions:  table  of  North  Pacific  Sea  temperatures;  comparison  nf 
sea  temperatures  from  observations  by  the  Challenger,  1873  and  1H75 ; 
currenta  of  Bering  Sea;  observatious  of  the  Tnscarora  aud  Venus; 
those  of  Krusenstem,  1804-1806 ;  notes  by  whalers  and  others :  table 
of  temperatures;  ofcnrrents;  obfervations  oflfthe  coast  of  Asia;  in 
the  Arctic  in  general;  in  the  vicinity  of  Point  Barrow. 
SuFPLKMKNTAKT  xoTB.— Additional  observations  in  the  Arctic  Sea;  bound- 
ary line  between  the  territory  of  the  United  States  and  Russia ; 
diagram  of  surface  and  vertical  isotherms ;  chart  of  currents. 

Report  on  a  new  rule  for  currents  in  Delaware  Bay  and  River.— By  Henry 
Mitchell,  Assistant. 
Proposed  new  rule  for  the  currents  of  Delaware  River ;  current«<  of  Dela- 
ware Bay:  "Statiou  No.  4."  outside  of  Cape  Henlopen— liglithouie 
bearing  nearly  west  by  compass;  diagram  showing  manner  of  com* 
puting  middle  line;  rule:  table  of  currents  of  Delaware  Bay:  table 
of  currents  of  Delaware  River;  note  relative  tu  the  lines  of  tiigh  and 
low  water  in  Delaware  Bay  and  River;  progress  of  tide  in  Delaware 
Bay  and  River. 

Comparison  of  the  survey  of  Delaware  River  of  1819.  betwcH^n  Potty's  and 
Tiuicum  Islands,  with  more  recent  surveys.— By  Henry  L.  Marindin, 
AsNistant. 
Different  cross  sections  compared  and  changes  noted.— [Sketches  41,  42, 43.] 

Study  of  the  effect  of  river  bends  in  the  Lower  Mississippi.— By  Henry 
'  Mit.hell,  Assistant 
IntrodiM  lory  remarks;  inductions;  Table  I,  acoronarison  of  air-line  and 
river  distances  with  mean  depths,  mean  widtns,  and  mean  are.is  in 
Mississippi  River,  beginning  in  latitude  39^  20'  46".  longitude 
89°  24'  iV',  and  ending  in  latitade  30»  00'  36".  lonzitude  90^  54'  47' ; 
supplementary  table;  Table II,  bend  effects  in  the  Mississippi  River, 
from  4|  miles  below  Fort  Saint  Philip  to  near  Poiot  Uoumas,  150| 
miles;  ioferenoes;  amhority  for  data.— [Sketch  ii.| 
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437^50 


239-245 


247-231 


10  !    253-272 


Discnsnion  of  the  tides  of  the  Paciflc  Coant  of  the  United  States  —By 
William  Ferrel. 
Introductory  Iftter;  tidea  of  Port  Townnend  dlBcasKed;  t-idea  of  Antoria 
diHCUKfied:    tidea   of  San    Dieco   dincniiaed:    determination   of   the 
general  oonstanta.— [Sketch en "Noa.  45, 46, 47.  | 

The  entnary  of  the  Delaware.— By  Henry  Mitchell,  AMintant, 
Introdnctoryreraarkfi;  termenthary  deflne<I :  table  of  half-tide  dimenniona 
of  the  eatuary  of  the  Delaware;  diagram  repreaentini;  meanMeptha, 
widths,  and  a(>ctional  areas  for  each  nautical  mile:  table  {{ivincprog- 
reas  of  the  tide  in  Delaware  Bay  and  River:  diAcuasion  conceruinj; 
tide:  r^sum^  of  data  uaed;  eatuary  of  the  Delaware;  table  of 
widtha,  areas,  and  deptha.— [Sketch  25  ] 

Report  on  the  harmonic  analyais  of  the  tides  at  Sandy  Hook.— By  William 
Ferrel. 
Intniductory  letter ;  results  of  the  harmonic  analysia  of  the  tides  at  Sandy 
Hook ;  this  subject  discussed.— [Sketch  No.  26.1 

Description  of  a  maxima  and  minima  tide-predicting  machine.— By  William 
Ferrel. 
Prefatory  letter;  introduction;  mathematical  theory  of  the  tide-predicting 
machine:  mechanical  solution  of  the  problem;  construction  of  the 
machine;  directions  for  setting  and  usin<r :  efficiency  of  the  machine ; 
Appendix.— [Sket<;hes  Nos.  27. 28,  29.  AO,  31.  j 

Physical  hydrography  of  Delaware  River  and  Bay.— Comparison  of  recent 
with  former  surveys. — By  H.  L.  Marindin.  Asaistant> 
Conipariaon  of  cross  sections':    Table  No.  1,  changes  in  Delaware  River 
Detween  1841  and  1881;  Tal>le  No.  2.  changes  in  Delaware  River 
between  1840  and  1882.— [Sketches  No.  22.  23.1 

Comparison  of  traverse  sections  in  the  Delaware  River  between  Old  Navy 
Yard  and  east  end  of  Potty's  Island,  for  the  years  1819,  184.?,  au'd 
1878.— By  Henry  L.  Marindin.  Assistant. 
Explanation  of  sketchea  No.  29.  30.  31.  32.  33.  34.  giving  a  c4>mparison 
of  th^  transverse  sections  of  the  Delawai-e  at  vaiioua  points  for  the 
years  1819. 1843.  1878. 

On  the  harmonic  anulvais  of  the  tides  at  Governor's  Island,  New  York 
Harbor.-  -By  \V'ilIiam  Ferrel. 
Results  of  the  analyais  with  aketch  showing  positions  of  tide  gauges  at 
Governor's  Island  and  Sandy  Hook;  determination  of  general  con- 
stanU.—[ III uat ration  35.] 

495-501  i  Report  on  deep  sea  current  work  in  the  Gulf  Stream.— By  J.  B.  Pillabiiry, 
Lieut  U.  S.  N.,  Asaist«nt.    (See  Gulf  Stream  explorations.) 


12       431-434 


487-4S8 


489-493 


255-261 


I 


263-266 


10       267-279 


2-^1-290 


A  report  on  Monomoy  and  its  shoals.— By  Henry  Mitchell,  Assistant. 
Tonnage  of  the  vensels  n.ivigHting  these  waters;  dangers  to  navigation  t 
comparison  of  <'ant.  Paul  Pinkhnm's  survey  of  1784  and  the  U.S. 
Coast  and  Geodetic  Survey  chart  of  1885,  with  a  sketch  of  the  two 
surveys. 
Also  a  report  concerning  the  earliest  topographical  snrvey  of  Monomoy, 
with  sketch.— By  Charles  O.  Boutello,  Assistant. 

Report  of  changes  in  the  shore  line  and  beaches  of  Martha^a  Vineyard,  aa 
derived  from  comparisons  of  recent  with  fonn<T  surveys. — By  Henry 
L.  Whiting,  Assistant. 
Changes  discussed ;  map  Hhowlng  changns  in  (^tamy  Beach,  from  snrveva 
made  in  1846,  1856.  1871.  and  1S86.— ( Illustration  21. j 

A  report  on  the  Delta  of  the  Deliw.tre,— lis  Henry  Mitchell,  Assistant. 
Joe  Floggnr  Shoal;  method  of  <  o  apariiu  old  and  new  surveys;  diagram 
showing  cros.H  section  of  Joi-  iffogf!  t  Shoal;  results  of  eomparisonaj 
table  giving  comparative  dimenMi  uis  of  Joe  Flogger  Shoal,  also  a 
table  for  lower  channel  (BUko's)  nctr  Joe  Flogger  Shoal,  and  a  tabia 
for  upper  or  main  channel,  uo.ir  Joe  Flogger  Shoal.  —[Ulustration  32. 1 

A  report  of  Gulf  Stream  explorations.— Obi^ervations  of  currents,  1886.  By 
J.  £.  Pillsbary,  Lieat.  U.  S.  N.,  Assistant.  {See  Gulf  Stream  explurib> 
tiooa.) 
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400-433  On  the  oircnlation  of  the  Bea  through  New  York  Harbor.— By  H^nry 
Mitchell,  Aesifttant. 
Diagram  A,  types  of  the  tidal  profiles;  field  work  of  1886;  recapitulation; 
current  observatious,  taken  by  the  Naval  parties  October  1886;  East 
Kiver  tides  and  tidal  currents;  diagriun  B.  East  River  tides;  table 
civing  lunar  intervals  of  upper  and  lower  restorations  of  level 
between  Governor's  Island  and  Willet's  Point,  with  synchronous 
heights  at  other  stations,  from  ei^'ht  tides.  October  4  to  6,  1886; 
diagram  C,  maximum  and  minimum  slopi's  ;  table  giving  a  coropariAon 
of  restorations  of  level;  maximum  siope  (by  reaches)  of  the  East 
River.  October  4  to  6.  188G;  comparison  or  slopes,  (^vemor's  Island  to 
Willet's  I'oijit;  intervals  and  heiiihtn  of  restoration  of  level  between 
New  York  Oaibur  ((vovt^rnor's  Island)  and  Long  Island  Sound 
(Willofs  Point),  from  observations  made  in  October.  1886;  diagram 
D.  of  currents;  tables  of  variations  of  slope  and  velocity;  diagram  £ 
shows  variations  of  slope  and  velocity  in  East  River;  miscellaneous; 
table  showing  th«'  decomposition  of  tides;  diagram  F,  decomposition 
of  tides  graphically  represented;  comparison  of  mean  levels,  Govern- 
or's Island  and  Willet's  Point;  concluding  remarks. — [Illustrations 
34-39.1 

159-163  I  On  the  movements  of  the  sands  at  the  eastern  entrance  at  Vineyard  Sound.— 
By  Henry  Mitchell,  Assistant. 
A  continuation  of  the  discussion  of  the  changes  among  the  Monomoy 
Shoals ;  table  of  tides  and  currents  at  the  entrance  of  Vineyard  Sound; 
diagram  I,  eutrauce  to  Vineyard  Sound;  composition  of  tidal  forc«s; 
diagram  II.  tides  at  entrance  of  Vineyard  Sound  graphically  repie> 
sented;  concluding  remarks.— [Illustrations  31,  32.] 

165-172  Fluctuations  in  the  level  of  Lake  Champlain  and  average  height  of  ita 
surface  altovethe  sea.— By  Charles  A.  Schott,  Assistant. 
Introductory  remarks;  tiuctuations  of  the  level  of  Lake  Champlain,  aa 
shown  by  monthly  means  from  daily  observations  made  by  the  United 
States  Engineers  at  Fort  Montgomery,  N.  Y.,  between  tlie  years  1871 
and  1882:  fluctuations  in  the  level  of  Lake  Out  <rio,  shown  b^  monthly 
meun4  from  observations  at  Charlotte  Harbor  as  a  representative 
station,  between  the  years  1859  and  1881;  comparison  ot  the  state  of 
Lake  ("bam plain  with  the  amount  of  rain  (ana  melted  snow)  during 
.  the  years  1871-1882;  table  showing  efl'ect  of  wind;  secular  variation 
in  the  level  of  Lake  Champlain;  diagram  showing  annual  variation  in 
the  level  of  Lake  Champlain  and  Lake  Ontario,  with  annual  variation 
in  rain  fall:  diagram  showing  secular  variation  in  the  levels  of  the 
two  lakes;  absolute  height  of  Lake  Champlain  above  the  ocean; 
probable  uncertainty  of  this  result -[Illustration  33.] 

173-184  '  Gulf  Stream  explorations;  observations  of  currents,  1887.— By  J.  E.  Pilla- 
I  bury.  Lieut.  U.  S.  N.,  Assistant.    (See  Gulf  Stream  explorations.) 

2G9-273  !  Addendum  to  Appendix  No.  8.  report  of  1883,  on  the  estuary  of  the  Dela- 
ware;  table  giving  ph.vsical  t'lements  of  the  estuary  of  the  Dela> 
ware,  with  introductory  letter.— By  Henry  Mitchell,  Assistant. 
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7-12 


405-4Ut< 


41-43 


Report  on  the  results  of  the  physical  surveys  of  New  York  Harbor.— By 
Henry  Mitchell,  Assistaut. 
Introductory  letter :  Part  1— The  underrun  of  the  Hudson  River;  its  re- 
lation to  New  York  bar;  diagram  A;  underrun  in  the  Hudson  in 
the  dry  season ;  tables  giving  densities  at  aifferent  depths,  from 
observations  taken  in  the  summer  of  1885;  diagram  giving  currents 
at  difierent  depths  in  various  localities;  table  giving  currents  at 
difierent  depths,  fr««m  observations  for  1885;  table  giving  currents  on 
the  outer  slope  of  New  York  Harbor.  1885;  table  giving  depth  of 
neutral  plane  below  surface ;  limit  of  the  tide,  as  affecting  the  tjcour 
of  the  channels  in  New  York  Harbor;  recapitulation.  Part  2 — 
Courses  of  the  Hudson  tides  through  New  York  Harbor ;  table  of 
slopes  of  the  Hudson  and  East  rivers ;  this  subject  discussed ;  dia- 
grams of  tides  (synchronous)  in  the  tract  of  the  Hudson.— [HI ua- 
trations  44-49.] 

Bulletin  No.  3.    Abstract  of  following  pa|)er,  braring  same  title  and  with  2 
illustrations.    (Superseded  by  second  edition,  published  in  1889.) 

Tidal  levels  and  flow  of  currents  in  New  York  Bay  and  Harbor.— By  H.  h» 
Marindin,  Assistant.— (12  illustrations.] 

BalletiQ  Np.  8.    CarrenU  in  Kew  York  Ba^  and  Harbor.    (BecQudi  ^&S(^5s^>^ 
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Hiillotiii  Vn.  12.  A  siphon  tido  snns^  Tor  the  o|tftn  9eacomt.-By  II.  Ij. 
Mni-iiidin,  AhHiiitant. 

Kucroachment  of  thenea  iip4in  the  ronat  ot  Cn|>ri  Cml.  Maaa.iM  shown  hy 
roinparativo  niirveva.— Ry  H.  L.  Mariiidin,  AasiHiant.— [1  illuatra* 
tion.l 

Recent  changes  in  the  aoiith  inlet  into  Edgartown  Hiirbor,  Uartha'a  Vine- 
yard.— By  H.  L. TVhiting.  AniiHtant.— (I  illustration. I 

(iiilf  Stream  exjilorationH :  oliKervutinnn  of  mrrentn,  1888-*8B.— Ry  J.  E. 
Pilltfbury,  Lieutenant  V,  S.  N.,  AbaiHtant.  USee  the  aub-hfadiug  Onlf 
Stream  ex plorationa.) 

The  Gulf  Stream :  a  doHrriptiun  of  the  raetho<lH  eroutoyed  in  the  investiga- 
tion and  the  results  of  the  research.  — Ry  Lieut.  J.  E.  Pillnlmry, 
n.  S.  N^  Assistant.— [25  illustrations  and  12  figures. ]--(Aif^  alislract 
nnder  Gulf  Stream  explorations.) 

Report  in  relation  to  a  portion  of  l>oundary  line  in  dispute  l>etw-een  the 
States  of  Maryland  and  Virginia  — Ry  Henry  L.  Whiting,  Assistant. 

Note.— The  portion  of  boundary  line  to  be  examined  and  located  waa 
near  Hog  Island,  in  the  Lower  Potomac,  and  its  conrie  defiended  upon  the 
method  adopted  of  measuring  the  low-wat-er  line  of  tlie  river. 

On  the  nse  of  observations  of  currentM  for  prediction  purposes. —Report  by 
John  F.  Hayford.  Tidal  Division. 

Comparison  of  the  predicted  with  the  obMerveil  times  and  heights  of  high 
and  low  water  at  Sandy  Hook.  N.  J.,  during  tiie  year  1^9.-12  illna* 
trations.]— A  report  by  A.  S.Christie.  Chief  of  the  Tidal  Division. 

Bulletin  No.  18.  Table  for  the  reduction  of  hydrometer  observations  of  salt 
water  densities.— By  O.  U.  Tittmann,  AHsintant-. 

NoTR. — A  second  edition  of  this  paper  is  to  lie  prepared  by  Mr.  Tittmann 
as  an  Appendix  to  the  ReiM>rt  for  1801. 
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46-53  I  letters  on  the  exploration  of  the  Gulf  Stream.— Lieutenant  Commandins 
I  George  M.  Hache. 

75  I  Table  showing  temperatures  at  depth.t  l>elow  700  fathomi.  taken  hv  Lien* 
tenants  Commanding  C.  H.  Davis  in  1815,  George  M.  Bache  in  1816. 
I  and  S.  P.  liCe  in  1847.  -I8^r  Sketch  ) 

I 

4r>-r>I     Gulf  Stream  explorations.— <ReiH>r(.)— [Sketches  15  and  16  | 

82  8,1  :  Examination  of  specimens  of  bottom  obtained  in  Gulf  Stream.— L.   F. 
i  Ponrtales. 

156-161  '  Gulf  Stream  temperatures.— A.  D.  Bache. 

On  the  diHtribution  of  temperatures  on  and  near  the  Gulf  Stream  :  il)  A% 
different  depthH:  (2)  at  the  same  di^pths  on  sections  across  the  axia 
of  the  Gulf  Stream.  Table  T,  probable  unceitainty  in  dererminatioo 
of  the  maximum  and  minimum  iiointj*;  (.t)  ctmnoctiou  of  the  figure  ol 
the  ^ea  bottom  with  the  distribution  of  temperature:  (4,  the  "eolil 
wall :"  (5)  refcn^nce  to  shifting ;  (6)  rbart  of  Gulf  Stream.  -ISketchea 
24  and  25.1     [Errata,  pp.  15«,  1511.  160.  1855,  xi\.) 

Gulf  Stream  exploration.— (Ri'oort.) 
Programme.  Craven'H  Cape  I'  loriila  sertion ;  soundings  by  Sands  along  the 
(}ulf  Stream  axis;  depthM:  iKittoni  contigu ration,  temperaturea  mhI 
bottoniH. 

Gulf  Stream  deep  sea  8ouudin<{tt.-(Keporf.)— (.Sketch  38  (H,  No.  3).| 

Bottle  paper. 
Current  iiottle  card  thrown  over  near  Sandy  Hook  and  picked  up  at  th* 
bar  at  Santa  (*ru7.,  one  of  the  ^Vestc^n  Inlands,  - 
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PHYSICAL  HYDROGRAPHY— Continued. 
OULF  STREAM  £XPLORATION&-ConUnned. 
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180-182 


166-167 


Subject  and  author. 


Gulf  Stream  bottomn.-^J.  W.  Bailey. 
On  the  characteristics  of  some  bottoms  from  the  Cape  Florida  Gulf  Stream 
section. 

Florida  Galf  Stream.— E.  B.  lluut. 
Notices  of  certain  anomalies;   changes  of  current  depending  upon  the 
winds  and  seasons. 

Analysis,  microscopical,  of  specimens  of  bottom  taken  in  sounding.— L.  F. 
Pourtales. 
Green  and  ochraceous  incrmttation  of  Foraminifera,  and  Jet  tint  of  specl- 
mens. 

Galf  Stream:  distribution  of  temperature  in  the  water  of  the  Florida  chan- 
nel and  straits.— A.  D.  Bache. 
Form  of  bottom ;  change  of  t^mneratare  with  depth:  temperature  in  a 
direction  across  the  stream ;  oands  of  warm  ana  cold  water;  tho  "cold 
wall;'*  longitudinal  s<*ction ;  effects  of  prestuieon  Saxton's  deep-sea 
thermometer,  under  pressure  and  freo  from  pressure;  thermometers 
Nos.  5and  10.— [Sketch  35] 

Gulf  Stream.— A.  D.  Bache. 
General  account  of  the  metho<l8  usml  in  developing  its  hydrography,  and 
summary  of  results  obtained :  (1)  instruments  for  teraperatunrs;  for 
depth;  ^or  obtaining  specimens  of  the  bottom;  (2)  plan  of  the  work: 
(3)  methoil  of  discussion  of  results:  (4)  results;  type  curToa  of  law  of 
temperature,  with  depth  at  the  most  characteristic  positions ;  type 
curves  of  law  of  distribution  of  temperature  across  the  stream; 
curves  of  t«^n)])erature  at  the  samotieptus;  ourves  of  dfpihsat  the 
same  temperatures.— Table  I,  distance  of  the  cold  wall  from  the 
shore,  and  widths  of  the  several  bands  of  cold  and  warm  water  of  the 
Gulf  Stream,  measured  on  the  lines  of  the  sections;  (5)  limit  of  ao- 
curacy  of  the  determinations:  II,  probable  uncertainty  in  the  deter- 
mination of  maximum  and  minimum  points  by  running  the  same 
sections  over  in  different  years,  by  ditferent  observers:  III,  value  of 
probable  error  of  determination  of  the  Imnds  for  each  section  and  the 
avemgeof  the  whole;  (6)  flgnre  of  the  Lot  torn  of  the  sea  below  (h« 
Gulf  Stream ;  (7)  general  features  of  the  Gulf  Stream.— [Sketches 
10  to  22.] 

Soundings  in   the  Gulf  Stream   between    Key  West  and  Havana.— II. 
Mitchell. 
Table  I,  soundings  in  the  Gulf  Stream  near  the  coast  of  Ca)>a,  1867:  II, 
current  observations.— [Sketch  25.]— (Supplement,  1868,  pp.  160-167.) 

Fauna  of  the  Gulf  Stream.— L.  F.  Ponrtalea. 
Dredgings  in  the  StraiU  of  Florida. 

Note  on  Gulf  Stream  observations.— H.  Mitchell. 
Decrease^  of  bottom  temperature  in  still-water  channels.— (Seqnel  to  1867, 
p.  170.) 


168-170  i  Kei>ort  u}K>n  dredgings  near  the  Florida  Reef.— L.  F.  Pourtales. 
I     Orguuio  r.pccimens;  corals,  echinoderms,  brachiopods,  etc. 


10  I    208-210 


1860 


1882 


11  .    220-225 


10       450-401 


Report  upon  deep-sea  dretlgings  in  the  Gnlf  Stream  during  the  third  cruise 
of  the  Cuited  States  Steamer  Bibb-^ln  Agassis. 
Fauna  of  the  submarine  zones;  reef  zone :  sediment-ary  zone ;  coral  slope 
of  living  cretacean  types;  floor  of  foraminiferine  mud;  geological  in- 
ferences; inclination  of  the  reefs:  pot  holes;  formation  of  oolithic, 
amorphous,  and  compact  limestones ;  the  Jurassic  submarine  seam  ; 
emhryology  of  corals  and  formation  of  colonies  by  disk  embranch- 
ment; exnnct  forms  representing  modem  developmental  transitions ; 
lines  to  be  dredged. 

The  Gulf  Stream.— Characteristics  of  the  Atlantic  sea  bottom  off  the  ooast 
of  the  United  SUtes.— L.  F.  Ponrtalea. 
Manner  of  dredging ;  silicious  formation ;  green  sand  formation. 

Recent  deep- sea  soundings  off  tho   Atlantic  coast  of  the  United  States. — 
[With  referenr,ea  to  deTelopment  of  bed  of  theGulf  Stream.]— Bj 
J.  E.  PilUiinry,  Lieutenanc  u.  S.  N.,  Assistant. 
(One  illustration) 


H.  Ex.  43,  pt.  2—27 
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A  snbjffct-indvx  to  thcjtrof^^SHional papers  contuiiird  in  the  annual  reporh,  do. — Continued. 

rHYfc>I(^\L  IlYDIKKMiAlMlY— Continntd. 
GULF  STRKAM  EXPLORATIONS-Coiitlnued. 


Year  i^PPe^' 


1885 


1886 


U 


11 


1887 


8 


I 
1889  !         16 


1890 


10 


Pa/;es. 


495-501 


i>ubjcct  and  author. 


Report  on  cloop-sea  enrrcnt  work  in  tho  Gulf  StreRm. — Ky  J.  E.  Pillsbur}*, 
LiGiitonant.  U.  S.  N.,  AtisiHtant,  Coaat  and  G«M)detic  SiirvHy. 
L«tt«rM  of  instruction  ;  report ;  dertcription  uf  apparatus  dwined  by  Li<>ut. 
PillMbury  tor  ohHcrvatifina  of  doep-sea  curreutA,  with  diagram  and 
d»!itailt*d'Aooountof  its  niM*:  oliMervationn  nitido. and  liueH  run,-  chart 
Hhowini:  locality  of  oroHH  Hf>rtion  A,  lN>twuvn  Fowcy  Kocka  and  Tiun 
Cay;  chartH  vhowini;  i>o8itiunii  of  current  Htationa,  croHs  section  A, 
(rnlf  Stream:  illu8i.ratioiM  39  to  46  giving  u  graphic  picture  of  the 
doep-sea  current  work. 

'J81-290     A  report  of  Gulf  Stream  explorationM.—ObKorrationaof  currents,  1886. —By 

i  J.  £.  Piilabury,  Lieutenant  U.S.  N.,  AtMisiant. 

I  I>etailcd  report  of  nenrton'a  work,  with  :i  tn*utnitnt  of  the  aahject,  nnder 
the  following  head.H :  1.  General  chnractorinticd  of  the  tviilf  Strenm 
as  dcvolopeu  by  the  observation h.  II.  Dally  variation  of  the  strenni. 
III.  Monthly  variation  of  the  Ktrcam.  IV.  Axis  of  the  stream.  V. 
Elfecl  of  wind  on  tho  velocity  of  th^  stre.im.  and  the  position  of  itn 
axis.  VI.  Depth  of  tho  Htrtvim,  and  velo(*.ity  at  ditierent  deptha. 
VII.  General  Hummary  for  tho  guidauro  of  navigators.  Platos  {£i  to 
28)  presenting  curves  of  observations  of  currents  in  the  Gulf  Stream 
during  1885  and  1886. 

173-184  Gulf  Stream  explorations. — Observations  of  currents,  li^. — A  rei>ort  by 
Lieut.  J.  E.  Pillrthury,  V.  S.  N.,  Assistant. 
I  I)«^tailed  report  of  sea.'ton's  work ;  sections  occupied,  CC?,  between  Rebecca 
Shoal  and  Cuba;  I)I>,  K'twocn  Cape  Snn  Antonio,  Cuba,  and  Yuca- 
tan: and  section  F,  Irom  Cn]>o  Ilutteras  Bhoal  in  a  direction  nearly 
southcant ;  a  treatment  of  the  sutijei-t  in  tlie  following  onler:  (1)  Gen- 
eral characteristics  and  limit  of  the  stream  ut  each  cross  section.  (2) 
Daily  variatimi.  (3)  Axis  of  the  htream.  (4)  Depth  of  tlie  stn'ani,  and 
velocity  at  ditlbrent  depths.  (,'>)  ('oniparison  of  resultH  obtained  at 
various  sections. — [Illustralions  34-42.] 


4G7-477 


461-620 


Gulf  Stream  explorations.— Obst^rvations  of  currents,  1888-18S9.— By  Lieut. 
J.  K.  Pillsbnrv,  U.  S.  N.,  Assistant,  U.S.  Coast  and  Geodetic  Survey.— 
(20illastrations.) 

The  Gulf  Stream.— A  doseription  of  the  metluMls  emplo\<d  in  the  investiga- 
tion and  the  results  of  the  nosearch.— Ity  Lieut.  J.  E.  Pillsbury, 
U.S.  X.,  AsHiHtant. — (25  illustraliims  and  12  ti::ures.)  * 
Preface;  introduction  ;  general  hiHtoncal  account  of  the  Gulf  Stream  and 
its  investigation  up  to  the  time  of  Franklin  :  Gulf  Stream  investiga- 
tions from  the  linio  of  Fianklin  to  those  made  by  the  U.S.  Coast  Sur- 
vey: Gulf  Stream  invest  igatitms  made  by  Mie  U.  S.  < -onsl  Surrey  until 
1884  and  those  cont'emiiorary  with  theiu:  imtHt  of  th^  Itlalv  for  an- 
choring at  rn^i  and  observing  the  currents;  cliurarteristics  of  tho 
(tulf  Stream  in  the  ntruits  of  Florida  and  in  the  Yucatan  Passage  ; 
the  Gulf  Stream  otT  Jupiter  Inlft  iuul  Cape  llatteras;  the  e«|uatorial 
curn-t)t:  «-au>e8  of  thcGulf  Sireaiu  and  of  Atlantic  currents;  conclu- 
sion.-): index. 


DEEP-SEA  SOUNDINV.S,  TEMPEUATUUES.  AND  DKXSITIES. 


1854 
1857 

1857 
1858 


rA  •    191-192 


40 


398 


37 


228-246 


/       / 


/ 


Craven's  specimen  box  for  deep-sea  bottoms.— T.  A.  Cmven. 
( Sketch  .*«.  I 

Deep-sea  sounding  ajiparatus.— Description  of  ;i  form  proposeil  and  used  by 
n.  F.  Sands. 
[Sketch  70.) 

Berryman-nrooke's  deep-sea  sounding  a]>paratus. 
[Sketch  71.) 

Deep-.««ea  soundings. — W.  P.  Trowbridge. 
Investigation  of  the  laws  of  motion  governing  the  descent  of  the  weight 
and  line :  foriiiul;e  of  vehicity  of  desctuit  -  Table  I.  rates  of  deaceot 
and  rcsist-ance,  in  poundH,  upon  the  sinker  and  line,  with  one  and  wJltli 
two  32-pound  shot,  attaclit-il  to  a  lin«'  O.oT  of  an  inch  in  diameter;  II, 
same,  with  90  and  126  pound  weights. deep-sea  line;  III, intlnenoe  of 
ditierent  lengths  of  line  moving  with  the  name  velocity;  ratios  of 
lengths  fo  ratio  of  resistances;  VII,  comparison  of  rt^sistancea  upon 
the  !4anieh>n^ths  of  lines  of  ilifl'erent  diameters,  moving  at  the  aaiue 
velocity:  VI.  iniliienct*  of  lengths  at  ditierent  depths:  VIII, same. 
continued:  IX,  rat«'s  of  desi-int,  velority,  reitist'ince  to  sinker  and 
Hue,  and  weight  of  line  in  water,  from  olMcrxntions  made  by  Joseph 
Dayman;  diamoterof line, 2 inches;  weight, 96 pounds;  BpeclAogimT- 
ity.  L3.— [Sketch  38.1-[Errata,  i>.  235;  1858,  p.  xxl] 
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DXBP-SKA  ROtTSDINGS,  TBUPKRATUKES,  AND  I)ENSITUtS-Conliuucd. 


Sabjeotuidaiithar. 


IB  iDcriutllloD  or  Fori 


DoEp'HAiHjniiiIlD(iinp«rBtQiL— OeMriptloDoriir«n 
biiJeo.indeiplHiiUtbiiarflatiicUioilaiidu; 
|Iikol«h  3R.I— [KrraIii.3UI,  ISGO,  p.  ix.| 


m  Ukea  In  MjaDdiaR.— L.  F. 
■inifera,  niid  Jet  tint  of  iipaol- 

idsTiBHlbjW.P.lTOW- 


n,  |g«6.-|Bliel'i 

I:  nCaiotonlrunaf  I 


approauh ;  dltScul- 


■iStl  \tSl.  (Jiwlmfii  iwimdlng, 
Florida  Beer.-L,  F.  Ponrtalci. 


Ocean  Mtllnomolar.— J.  B.  Ullgard,  AHlatiuiL 

of  pmilioalionorBlBtinctnthnlMp-ieainvi 


irfdgiSiioperatiDnalii  tlicCiiribbeBn  Ssa [With  tito  m^n. ]— Aleunder 

AkmiU. 

trrinESea.-W.H.Dall. 

K^'porlnn  iho  curroulH  and  Ininiieratims.  and  atw  Ihnc  nf  the  adjacsnt 
wBtcra^  aourvuB  uf  iDronoatloti ;  anrfiuKi  lempantora;  Uldpa  or  tsm- 
ppralmesL  paokicoi  lumuer  Uniporaliiraai  Uiu  Kan  Slwoiuid  JU 
i^ItfnlluDi;  ubl«Df  Nortb  Pacido  Saa  tampentoTHi  MupariaoD  at 
aim  latuperaturM  r»ia  abuirnUDa*  bj  the  OhttUmger.  \Ki  and  l«7fi ; 
flanaDU  oF  Baring  3ca;  obaerraUaiu  of  Uie  nuearont  aadFiuiui: 
thuaeor  KnurnMerD.ISH-lDDeinDtnabf  whalaia  and  othan^  iabin 

lb«  Arctic  ia  nDeml;  In  tJie  tidIqIIv  uf  fatnt  Barrow-. 
SuppleiDiwtarT  aoCe.—AdiHtlnnia  obaerTnLLma  In  tbs  Arutlo  Rpil:  boon. 
.  ilarv  lino  Iwlmjoo  Ibe  tenltar;  of  tbn  tlBlte<l  Sutm  In  Alaaka  nml 
Kuaala  in  Aala;  diaRraiuaaf  anrlhcoBodTOTtloal  iaolhrma;  chtcLnf 

>afp-Ha  anuodioe  uid  drrdginit — A  dwirrinllon  and  dlacuailim  nf  ths 
iiitHtodaiuidappIiilDi'iwiiHdnn  board  llieCnant  audGnHlrttr  Siirrar 
MniniarBlflte.-ilrtlharliMll.  t>lgabii«.  i-ioateaunt-CemnaDdPr. I'. g. 
>'..Aasittant  In  lb«  CoaataudOHHlelic  Surrev.  321,  qaario.  |Wi(b 
34  illoatntiooa.)    Wasbiagton:  GoTernmiint  Prlnllag  Ofllcs,  ISBO. 


atSiirTBjal 

lit!  nbb^iied  at  dilTeienl  ilepLlta  and  ni 
itvifiiiptiuD  oftba  gpparadia.— By  tVei 


—By  Cnnimiuidor  J. 
>r  JtIatr,irithUbl« 


iderdltToK 


and  dlagracoB  w 

lUcont  d«p  aca  uuiidlnjiB  off  the  AUanlii  oniwt  of  Ibe  Unltsl  State*.— Bt 
J,  B.  Plllabory.  Llouleuaot,  U  H.  N.,  AaslabmL 

fiJaii  In  Ihu  «iB"ilni.ri.."..f  ,<J^...t-.„  Ml'ando' hiieln  Jurinj' 
Je«MlM0,lS81,18«-J,ain' 

.     Oflolony  or  Ibe  nm  boH 

Lindrnkobl,  U.^.C' 


0.-[lll 


I..  NV«  Vi.rk  Bar.— B;  A. 

■  ■   .;  .  i..'.iL.V,N,  u'l^'^oll-dBflBodeob- 
niarinovallej;  CJJ  -lj,  .......  ..i  .;..,  ....i,..w  ,'il.>mUiiE  H)>onl  ItU  toIlM 

aeaward:  13)  a  di-''i>  tnvin<>  ai.  iIli'  i'iIg'!  i<f  th'.  tunJuoiiiat  sloea.OUk 
lludaon  Blver  dord,  gooloiy  ot  tUo  aea  battaai  mV^AV^wnv^vk^A 
Mew  Yuik  Bay  iUualratad.-1,lUiut.nUaa'&4.-lh.\ 
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PHYSICAL  HYDROGRAPHY— Continued. 
DEEPSEA  SOUNDINOS,  TEKPERATURBS,  AND  DENSITIES>CoiitIna«d. 


Year. 

Anpen- 
dir. 

Pages. 

Sutjeet  and  anthor. 

1884 
1880 

17 

618-821 
176-177 

Deaoription  of  a  model  of  the  depths  of  the  sea  in  the  Bay  of  North  America 
and  Gnlf  of  Mexico.— By  J.E.  Ililgard.  Superintendent. 
A  detailed  description  of  the  model;  oceanic  depressions  and  terrestrial 
elevations  contrasted ;  addendum  iciviug  eilect  of  an  assumed  redac- 
tion in  the  depth  of  the  sea  of  100  fathoms.— [lllostration  No.  25.] 

Ballet  in  No.  18.— Table  for  the  redaction  of  hvdrometer  obaerrations  of 
salt-water  den8ities.~Prepared  for  publication  by  0.  H.  Tittmann, 
Assistant 

SURVEYS  AND  EXPLORATIONS  OF  OYSTER  BEDS. 


1881 


11 


260-353 


Report  on  the  oyster  beds  of  the  James  River,  Virginia,  and  of  Taneier  and 
Pocomoke  sounds,  Ifaryland  and  Virginia.— By  Francis  Winslow, 
Mast«sr,  U.  S.  N.,  Awistant,  Coast  and  Geodetic  Survey. 
Prcfsc-o;  instructions;  methotis  of  oonductins  the  investigation;  (1)  de- 
lineation of  the  beds;  specimen  of  record;  tides;  specimens;  bot- 
tom and  water  specimens;  substratum  uf  bottom  ;  currents;  number 
of  oysters  to  the  sqoare  yard ;  temperature  of  the  water ;  names  and 
sreas;  report  of  the  investigation  conducted  daring  the  sammer  of 
1878;  oyster  be<ls  of  the  James  River,  Virginia ;  currenta;  section 
across  James  River :  Mulberry  Point  beds;  Point  of  Shoals  and  Jail 
Inland  be<1s ;  Blunt  Point  bed  ;  Thomas  Poiut,  Kettle  Hole,  and  White 
Shoal  beds;  Brown's  Shoal  bod;  Ciaisers  Rock  and  Nansemond 
Rid  St*:  the  fishery  and  its  effects;  Tangier  and  Pocomoke  sounds; 
Fishing  Bay  beds;  >Vere  Point  beds;  Sharks  Fin  l>ed;  diagram  1, 

Erofllt'S  1-4;  Nsnticoke  Middle  Ground  bed;  Clump  l*oint  Rocks; 
[orseys  Bar  and  T>lcr8  Rock;  Dramming  Shoal  bed ;.  Cedar  Rock  ; 
the  CowandCair  beds;  diagram  2.  profiles  6-8;  Turtle-Egg  Island 
bdl :  Mud  Rook ;  the  Muscle  Hole  bod ;  diagram  3,  profiles  9-12 ; 
Piney  Island  Bar;  bods  of  the  Manokin  River;  beds  of  the  Big 
Annemessez  River;  diagram  4,  profiles  13-15 ;  Terrapin  Sand  beds; 
Pauls  bed;  bed  of  Jane4  Island  light-honse;  the  Great  Rock; 
diagram  5,  profiles  16-20:  the  Womans  Marsh  bed;  Thoroughfare 
beds;  California  beds;  diagram  0,  profiles  21-24:  Johnsons  bed; 
Oak  Hammock  Rocks;  densities;  comparison  of  densities— Tangier; 
cunents;  deposit;  effect  of  gales  and  ice;  Po<;omoku  Sound;  aoat- 
terc<l  oysters  in  Pocomoke  Sound ;  diairntm  7,  profiles  25-3i ;  Buoy 
Spit  bed  ;  Muddy  Marsh  bed ;  The  Bird  bed ;  Hum  Island  bed ;  beda 
or  Gnilford  Channel;  Beach  Island  bed;  Parkers  bed;  The  Brig 
bed;  densities;  comparison  of  densities — Poc««muke;  currents;  de- 
posits; eflfect  of  ice  and  gales;  general  information  given  by  ovnter- 
men  ;  conclusions ;  Table  I.  giving  number  of  oyst(>r  dredgers'  se«in 
in  Crififield  Harbor  in  one  day,  and  number  of  bushels  of  oysters 
taken:  Table  II,  number  of  voungovstcrs  taken  :  nunilierof  oystfra 
taken  in  one  day  in  the  tapper  Intngier,  Middle  Tangier,  Lowvr 
Tangier,  and  in  the  Pocomoke ;  destruction  of  oyster  beds :  their 
]tros('rvation ;  investigation  conducted  during  the  summer  and  au- 
tuum  of  i87U:  instructions;  plan  of  work;  illustiatiou  30,  cluster  of 
oyst4.>rs  and  sponge  taken  from  unworkcil  IhmIs  of  the  Chesi^eake; 
delim-ation  of  thrbedrf;  beds  in  tiiu  Nanticoke  River;  beds  in  the 
Little  Annemessex;  beds  in  Hodges  Strait;  investigation  of  the 
Chcitapeake  liay  west  of  Tangier  and  Smiths  Island  :  illustration  40, 
cluster  of  oysters  and  sponge  from  unworkrd  bods  of  the  Chesa- 
peake; teblc  showing  nnml>or  of  oysters  to  the  square  yanl ;  Table  I, 
driHlging  rc^snlts— ChesnppnkeBav;  illustration  41,  atlult  oyster«  natu- 
ral sTxe;  i'ablo  II,  dredging  results— (;hesnpe:ike  Hay;  fecundity  of 
the  beds  in  the  Sounds;  Table  I,  dredging  results  -Taugler  Sound ; 
tablr;  showing  the  success  nf  npatting  ut  ditforent  seasons- -Tangier 
Sound  ;  Table  showing  the  sncvoss  of  spattini;  iu  diflTereut  seasons — 
Pocomoke  Sound;  Table  II,  drcdj^ing  rt'sults—Tangirr  and  Poco* 
moke  sounds;  lllustratiou  42,  siHTimen  tile  No.  7;  table  showios 
number  of  oysters  to  tlie  siiuare  yard  in  Tangier  Sound  and 
in  Pocomoke  Sound ;  information  obtained  from  spat-collectora ; 
illustration  43.  sitecimen  tile  No.  2;  investigation  of  tem|)eratures; 
investigation  of  the  changes  in  density  of  the  water;  illustration 
44,  snecimi^n  tile  No.  G;  incidental  information:  information  ob- 
tainea  from  "reeonl  of  statistics:*'  table  showing  estimated  num- 
ber of  OYst«>is  removed  in  1879-  Upp»>r  Tangier.  Middle  Tangier, 
Lower  'f anui«'r.  and  Pocomoke  Sound ;  table  showing  number  of 
oysters  lenioved:  conclusions :  table  showing  number  of  oysters  re. 
moved  from  Great  Itoek  and  Woman's  Marsh:  Appendix  A,  area  of 
oyster  ImmIs — Tangier  and  Prcomoke  sounds:  illustration  63,  Astyris: 
variety  winsluvii;  Ap(K>ndix  B,  description  by  AsHistunt  I>all  of  "drill" 
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PHYSICAL  HYDROGRAPHY— Continued. 
SURVEYS  AND  EXPLORATIONS  OF  OYSTER  BEDS-Contlnned. 


Yemr. 


1889 


Aiipcu 
A\x. 


1890 


Paged. 


Subject  and  author. 


61-13G 


179-209 


or  aityrit  referred  to  in  the  report  of  the  operaUons  daring  the  Reason 
of  1878:  Appendix  C,  table  snowing  nnmber  and  class  of  dredging 
vesselfl  seen  from  the  Patinurua  dnring  the  season  of  1878 ;  Appendtz 
D,  form  of  qiicstioDS  used  in  oollocting  information  from  oysterrocn ; 
Appemlix  £,  table  giving  analysis  ox  water  from  Tangier  and  Pooo- 
rooke  sonnds  and  Chesupealce  Bay,  b^^  Prof.  Moore,  ir.  S.  Naval 
Academy:  diagrams  9-15,  curves 'showing  difference  of  density  of 
water  at  bottom ;  chart  of  James  River,  sliowinc:  approximate  limita 
of  oyster  beds ;  upper  part  of  Tangier  Sound,  chart  sliowing  approx- 
imate position  of  oyster  l>eds ;  lower  part  of  Tangier  Sound,  chart 
showing  approximate  position  of  oyster  beds. — [Illustrations,  89-83.] 

Riilletin  No.  10.— Report  on  the  Sounds  and  Estnarlos  of  North  Carolina 
witli  ref<;rence  t^  Oyster  Culture.— By  Francis  Winslow,  Lieutenant 
n.  S.  Navy,  Assistant^  U.  S.  Coast  and  Geodetic  Surve3',  commanding 
pchooner  Seoretby. — [2  illustrations.] 
Table  of  coutt«nls :  Introduction;  preface;  information  desired;  methods 
use<Un  the  survey;  area  examined;  general  description  ;  descriptions 
of  sections,  with  results  of  the  work  in  detail ;  limits  of  projections, 
with  areas  of  public  and  private  oyster  grounds ;  specific  gravities ; 
general  summary  of  results ;  geueral  oonuition  of  the  oVster  industry 
prior  to  1887;  recommendations  for  new  legislation;  history  of  the 
Shell  Fish  Commission;  operation  of  the  new  law;  method  of  locat- 
in;r  lots ;  oonclusion :  appendix ;  an  act  to  promote  the  cultivation  of 
shellfish  in  the  State,  and  form  of  application  for  private  oyster 
grounds. 

Bulletin  No.  19.— On  the  Sounds  and  Estuaries  of  Georgia  with  reference  to 
Oyst«r  Culture.— A  report  by  J.  C.  Drake,  Ensign  D.  S.  Navy,  Assist- 
ant, n.  S.  Coast  and  Geodetic  Survey,  commanding  schooner  Ready, 
1889-'90.— [7  illustrations.] 
Preface :  methods ;  limits  of  the  area  examined ;  description  of  the  areas 
examined :  general  conclusions ;  densities ;  table  of  areas  examined 
witu  reference  to  oyster  culture;  resolution  authorizing  the  appoint- 
ment of  an  oyster  commission ;  State  of  Georgia :  an  act  for  the  regu- 
lation and  protection  of  oyster  culture;  form  of  application  for  oyster 
grounds;  charts  to  accompany  report  on  oyster  survey  of  the  follow- 
ing sounds,  harbors,  or  rivers  of  Georgia:  Tybeo  Roads  and  Wasaaw 
Sound,  Ossabaw  Sound,  Vernon  and  Ogeecheo  rivers,  St.  Catherines 
Sound,  Sapelo  Soun<l.  Doboy  and  Altamaha  sounds,  St.  Simon  Sound, 
Brunswick  Harbor  and  Turtle  River,  and  St.  Andrews  Sound. 
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1815 

1854 
1854 

18M 

IHS,-) 


1855 


30 


43       142-145 


44 


47 


41-43  Extract  from  a  letter  addressed  by  Ferd.  II.  Gerdes,  Assistant,  U.  S.  Coast 
Survey,  to  Prof.  A.  D.  Bache,  Superintendent,  containing  remarks 
upon  the  change  in  the  magnetic  variation  within  short  distances 
in  tlie  Gulf  of  If  exico. 

37-40  (Report  for  1854.)— Page  99,  App.'No.  30.— Reference  to  magnetic  observa- 
tions made  at  stations  in  California.— W.  P.  Trowbridge. 

(1844-'45.)— Table  of  magnetic  declination. 
Results  of  Coast  Survey  magnetic  observations  at  186  stations  along  the 
coast  of  the  United  States.— [Errata,  144, 145:  1855,  p.  six.] 

Met  idian  lines.— Report  of  Assistant  G.  W.  Desn  on  the  establishment  of 
I  meridian  lines  at  Petersbarg,  Va.,  and  Raleigh  and  Wilmington,  N.  C. 

(1 844-55.)— Table  of  magnetic  declinations  in  geographical  order,  from  Coast 
Survey  observations;  with  notes  by  A.  D. Bache  and  J.  £.  Hilgard. 
Discussion'of  magnetic  declination :  (1)  N'orthem  part  of  the  Gulf  of  Mex- 
ico; (2)  Atlantic  coast;  (3)  Pacific  eoast— [Sketch  58.] 


140 


295-306 


48     306-337 


(1717-1855.)— Secular  variation  in  the  magnetic  declination.— ('.  A.  Schott. 
Discussion  of  the  secular  change  in  the  magnetic  declination  on  the  At- 
lantic and  psrt  of  the  (lult^ooasts  of  the  United  Slates ;  Providence, 
R.  I.;  Uatboro,  Pa.;  Philadelphia,  Pa.;  Boston,  Mass. ;  Cambridge, 
Mass. ;  New  Haven,  Conn. ;  New  York,  N.  Y. ;  Charleston.  8.  0. ; 
Mobilf,  Ala. ;  Uavana.  Cuba ;  Burlington.  Vt ;  Chesterfield,  N.  H. ; 
Salem  Msis^. :  Nnntucket,  Maaa.:  Albany,  N.Y.;  Washington,  D. C. ; 
Pensacola,  Fla.— jSkntoh  51.]— [ErraU,  pp.  314, 335 ;  1855,  p.  xvUL] 
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18SG 


1856 


! 
1856 


1857 


1858 
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40 


28 


837 


209-225 


18::^! 

1 

29  ! 

226 

185G 

1 

1 
227 

31       228-235 


2\ 


25 


i 

J        I 


32       255-245 


33       246-249.1 


I 


32       331-342 


191. 192 
192-195 


1858 

2() 

195-197 

1H.VJ 

in 

172-175 

1H59 

2J 

278-295 

278  ' 
279 

I 

285  : 
I 
2R6 
287  : 


200 


Kubjoct  and  author. 


(1855.)— Ma;;:netic  obwrvationH.— (J.  A.  Schott. 
UesultH  for  declination,  dip,  and  liorizontal  IntenAJty.  at  sizteco  eaatem 
tttations,  July  to  St^pteiiiber,  1^65. 

(1839-1855  )— Tom 'Ht rial  niaj^iiotUm.— DIhoiismIoii  rotative  to  its  distribntion 
iu  the  United  StatoH.— A.  L).  liaclie  and  J.  E.  llil:;ard. 
ML-thodnand  soiirtreH  u»ed  ;  (■orrt*ctionH(orHcciilai  VHiiaiiona;  roDAtructlon 
ofmapa  (SketcbeHOl  and  62) ;  n*iii|iariH4>n  f>f  TUiips  t'tirdeclinntioD.  din, 
and  inteniiity  ;  siipplciucntary  note  (lfoxic:in  obM-rvationn);  Taide  1, 
Atlantic,  (hilf.  and  Paritlc  H«)ctiitn!«:  II,  nrar  pnr.tUel  35^.  by  J.  C 
Ivea,  Whipple'H  expoilition ;  HI.  from  variuiit  new^  HourcfU-^laliiMi, 
turntorien,  ranani;! :  IV.  rfaidiial  ditlVrrnct^  lH>iwecn  the  Coaat  Sur- 
vey obM>rvat  ion. i,  rednoed  to  1860,  and  tlie  valueri  obtained  IraiM  the 
accoiup%iiyiD>;  map— (SlevtclieH  61  and  02.) 

Mnenetic  nbiu^rvatioiiR. — C  A.  Scliott. 
Metlioda  used  in  ob»ervationH  of  tbt*  present  year;  niaf;net  H. 

(185G.)— Ma^nvtirelementa.— C.  A.  Scbott. 
KesultHof  ol)8ervationH  fur  declination,  dip,  and  iutcnsity  at   stations  In 
D(dawan^  Maryland,  and  Virginia. 

(179?-1855.)— Srcnlar  <:ban{;e  of  declination  ;  Western  coant.  — '\  A.  Scbott. 
Lirii  of  nmsnotic  declinations  ol>Ai>rvcd  on  the  wcatem  coast  from  liie  ear- 
liest to  the pH'sent ones,  arranse^l  in  ordfrof  ;;ro;;raphir.al  liitiiuiles. — 
Annual  chanj;o;  (1)  San  l)ie\>o;  (2)  Mouti>rey;  (3)  San  FranclMM); 
(4)  Cape  Mendocino:  (5)  Ca|»e  Disappointment.— liecapitulatiou  of 
results  for  secular  chaiij^e. 

(1780-1855  )— Secular  change  of  inclination :  Atlantic  coast.— C.  A.  Schott 
Toronto,  Canaila;  Albany  and  GrecnbuMh,  N.  Y. :  Canibrid^re,  Mass.; 
Trovidenre.  It.  I. ;  West  Point  and  Cold  Spriuc.  N.  V. ;  New  Haven, 
Conn. :  New  York.  N.  Y. ;  Philadelphia.  P4. :  Wa-ihiutiton.  D.  C. ; 
Haltiniore.  Md. ;  recapitulation  of  renultj).— Table  I,  eeo>:raphlcal  po- 
sitions and  number  of  din  obaorvatiouH;  II.  formula  for  each  station  ; 
III,  probable  error,  eno<*.b  of  minimum  dip  and  annual  variation  in 
cuiTcnt  3'ear. — [Sketcu  03.) 

( 1700-1 8.'>5.)—Secn1nr  change  of  inclination  ;  western  coast. — Approximato 

di'tennination  of  the  secular  chauKe  of  inclinHtion.— (}.  A.  8ehott. 
Table  of  observation  made  up  to  the  present  time ;  deductions  thorefrom — 
(1)  San  Diego;    (2)   S.in  Pedro;    (5)  Monti^rey;    (6)  San  Fraueisco; 
(8)  Fort  Vancouver :  (10)  (.'apt*  DisapiKtintmont. 

Ma;;netism.    Keport   upon  the  gradual  Io.hh  of  nisgnetisni  of  the  several 
niajinets  iu  use  in  the  Survey  of  lht»  (;oast.— C  A.  Schott. 
Ai:couut  of  maiinvlH:  S  8,  V.  :{2,  C  9,  D,  (.-  0,  II.  and  SmithMuiau  magnet 
u-ied  in  185.').— Table:  Kec^pitulation  of  values  for  magnets aoTorMly, 
and  diricus.Hion.— [Sketch  68.  | 

(18.'S6-1H.'>8  )— Magnetic  element-s. — Continuation. 

(168U-1H.')0.)- -Secular  variation  of  magnetic  declination  at  IIall»oro.  Pa. — 
C.  A.  Schott. 
DiHcusHion  and  devel«i])uiont  of  an  intermediate  ]ieriod.— Table  of  deoliun- 
tijuH  from  1680  to  18.'H).^])iagram.-[Kirata,p.  193;  1868.  p.  zxi.] 

(1809  1857.) —Socular  variation  at  Wa.Hhiugton.  D.  C— C.  A.  Scbott 
Dirlinatiou  fnim  180V  to  18.^7.— Dip  from  1839  to  1858. 

(1S58  )— Variation  of  the  compass.— General  table  for  the  use  of  navigaton. — 
[Sket<  h  38.J 

Di.scurtsion  of  the  magnetic  and  meteorological  observations  made  at  tlio 
(iirard  College  Ubaervatorv,  Philaile1]>hia.  in  18A1.  1842.  1813,  I8U, 
and  1K45.--A.  D.  liache.— [Sketch  .17.1— [Errata,  PP-  -70.  280,  293-! " 
1800.  p.  XX. J 
Part  I.  lnv«vHligation  of  tlie  eleven  yt^ar  ])oriod  in  the  amplitude  of  tho 
solar-diurnal  variation  and  of  the  disturbances  of  the  magueiic  (l«cli- 
nation. 

Introduction. 

Si-paration  of  disturbances  and  establiahment  of  normal  readings  of  the 
derlin«>meter. 

Analytical  expressions  of  the  regular  solar-diumal  variation  of  the  dec- 
lination. 

Ino<iuaIity  of  the  amplitude  dun  to  the  eleven  (or  ten)  yoar  period. 

DiscusHion  of  the  number  of  dirtturbancea  of  the  declination;  their  An- 
nual inequality. 

Diurnal  inequality  of  the  number  of  disturbances  of  the  deelinatioii. 
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'II  A*  I 


Subject  and  nutbor. 


18M 


1859 


1860 


1860 


I8G0 


18C0 
1860 


I 


18C0 
ItOn 
1>='60 
18G1 


23 


24 


21 


23 


24 


25 
26 


27 


18 


29 


290 

292 
295  . 


296 


206-305 


I 


208-271 


293-312 


Deflections  by  (l{fltiiTbnnc«>fl;   their  mean  annual  amonnt;  effect  of  the 

elcVfU  (or  ten)  3*ear  period. 
DeflectioDM  by  distnvbancoH ;  their  moan  diurnal  amount. 
(Connection  o^  the  frequency  of  the  aolar  spota  with  the  cban(;«B  In  the 

amplitude  of  the  diurnal  variation  of  the  declination. 

(Isr.O.)— "Declination,  dip,  and  intensity.— C.  A.Scbott. 
liesulta  of  obscrvationA  made  by  bim  in  Canada.  Maine.  Now  Hampabtre, 
Vermont,  Mosaacbusetta,  aud  Connecticut.— Footnote   on  disturb* 
anocn. 

(1680  1860.)~Secn]ar  change  in  declination.— C.  A.Scbott 
Variatidn  of  the  needle  on  the  coasts  of  the  United  Slutea  for  every  tenth 
vo.ar  aince  IC80 :  fornmloa  exprcasing  secular  change,  used  for  calcu- 
lating the  tabular  values  for  Group  I,  stations  between  Portland,  Me.. 
:md  WilHamsburg,  Ya..  with  table  of  observations  made  between  1680 
and  I860 ;  for  Group  II,  southern  .stations  aud  western  const.— liecord 
of  all  observed  declinations  utade  nso  of  In  the  above  paper  not  here- 
tofore published  in  the  Coast  Survey  Koports. 


293 

302 

:«)3 

307 

309 

312-324 


312 

:us 

319 
321 
324 


324-326 


(I860.)— Eclipse  expedition  to  Anlozavik  Island,  Labrador.  Report  on  the 
determination  of  tbe  magnetic  elements  by  Etlward  GhK>dfellow,  As- 
sistant, with  notes  by  C.  A.  Schott,  Ajsistant. 

Diflcnssion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1841, 1842, 1843, 1844,  aud 
1845.— A.D.Bache. 
Part  II.  luveatigation  of  the  solar-dinrnal  variation  in  the  magnetic  vari- 
ation, and  its  auuual  ine<iuality. 

Investigation  of  the  solar-diurnal  variation  of  the  declination. 

Its  somTaiinual  ineqnHlity. 

Analytical  and  graphical  exhibition  of  the  solar-diurnal  variation  for 
each  month,  summer,  winter,  and  year. 

Maxima  and  minima,  and  times  of  average  value  of  the  declination ; 
diurnal  range. 

Annual  vaiiatiun  of  the  declination. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
(;Trnrd  College  ( ibHorvatory,  Philadelphia,  in   1840,  1841,  1842.  1843, 
1H44.  nnd  1845— A.  I).  IJacbe. 
Part  III.  Investigation  of  tbe  intlnence  of  the  moon  on  the  magnetic  decli- 
nation. 

Lunar  influence  on  the  magnetic  declination;    tabulation  of  results 
according  to  the  moon's  hour  angle. 

Compaiison  of  lunar-diurnal  variation  for  three  epochs. 

Kesulting  lunai -diurnal  variation. 

Inequality  in  the  lunar-diurnal  variation. 

Investigation  of  deflections  depending  upon  lunar  phases;  variation  in 
declination  and  in  parallax. 

iSolar  spots.- Reportof  Assistant  C.  A.  Schott  on  the  results  of  observations 
made  during  the  tlrst  seven  months  of  the  year  1860. 


326-349  <  Key  West  magnetic  station. — Description  of  instruments  and  plan  of  mag- 
netic observatory;  with  results.— W. P. Trowbridge. 
Declinometer.  lecordi'ng  cylinder, and  clock:  vcitical-force magnetometer; 
adjnstments;  menn  daily  range  of  temperature  for  each  month,  1851, 
ISivi.  and  monthly  r.uige  for  four  years :  mean  monthly  tempemturo 
for  fourteen  ye;ifs:  binips;  scale  meaAurenients;  temp<>rature  £oefli* 
cients  of  tbe  horiKontal  and  vertical  fi»rces  of  magnets;  photographic 
arr.in|:ements  ;  magnet  FI — axis  aud  intensity;  dip;  scale  values  for 
intensity  magnets— tables  and  computation  ;  experiments  for  temper- 
ature coefHclontsof  horlKoutal-forco  magnet,  with  hot  water  aud  ice. — 
[Sketches  23  and  24  ] 

350. 351  East  port  station,  Maine.- General  description  of  magnetic  station. — L.  F. 

Pourtalcs. 

I 

351. 352  Declination,  dip,  and  intensity  at  various  stations  (supplementary  to  1856, 

p.  227,  and  1H58.  p.  191). 

352  '  Declination,  dip.  aud  intensity,  determined  in  18G0  on  the  coasts  of  Massa- 
chusetts, Long  Island,  and  New  Jersey. — C.  A.  Schott. 


22  '    242-251 


Secular  vbango  of  intensity. — C  A..Schott. 
Discussion  of  ob.servatioDS  made  on  tho  Atlantic,  Gulf,  and  Paciflc  coasts 
of  the  United  States;    intensity  statistics;  notes;  table  of  auuual 
change  for  Atlantic  and  Pacific  groups. 
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M' 
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Te.r.l-'SPf"- 


18G1 

1861 

1881 
18G2 


23 


24 


25 


15 


18C2 


18 


1802 


17 


1862 


1862 


18 


19 


251-258 


Subject  and  author. 


New  dUcusBloD  of  the  distribution  of  the  magnetic  declination  on  the  coast 
of  the  Gulf  of  Moxico,  with  a  chart  of  the  isogonio  curves  for  I860.— 
C.  A.  Schott 


256-269  New  discnssion  of  the  distribntion  of  the  magnetic  declination  on  the  coasts 
of  Viridnia,  South  Carolina,  and  Georj^  with  a  chart  of  the  iaogonio 
onr^-es  for  I860.— C.  A.  Schott 

259-261 


161-185 


161 
1G2 
169 

173 

174 
176 
178 

180 
182 
185 

18(^200 


1862 


20 


Solar  spots.— Abstract  of  obserrations  made  at  the  Coast  Survey  Oflir«.— €. 
A.  Schott. 

Discussion  of  the  maipietic  and  meteorological  observations  made  at  the 
Girard  College  Observatory.  Philadelphia,  in  1840.  1841,  1843,  1843. 
1844,  and  1845.— A.  D.  Bache.—|Slietch  48.]— [Errata,  pp.  17K,  182: 
1862.  p.  IV.] 
Part  IV.  investigation  of  the  eleven  (or  ten)  vear  period  and  of  the  dis- 
turbances of  the  horizontal  component  of  the  magnetic  force. 

Jnstrnroental  notice. 

Uorrootion  of  readings  for  changes  of  temperature;  scale  values. 

Correction  for  progressive  instrumental  change;  hourly  uomials  for 
each  month. 

Horixontal  intensity ;  absolute  value  j  effect  of  the  loss  of  magnetism  ot 
the  bar;  secnlar  change. 

Separation  of  the  larger  disturbances. 

Corrected  normals. 

Investigation  of  the  eleven  (or  ten)  year  period,  tram  changes  in  the 
amputode  of  the  solar^iurnal  variation. 

Eleven  (or  ten)  year  inequality,  as  indicated  by  the  disturbances. 

Analysis  of  the  distarbanoes;  annual  and  diurnal  variation. 

Classification  of  distnrbanoee  according  to  their  magnitude. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840,  1841.  1M2.  1843. 
1844,  and  1845.— A.  D.  Bache.— [Sketch  48.1 
Part  V.  Investigation  of  the  solar-diurnal  variation  and  of  the  annual  in- 
equality of  the  horisontal  component  of  the  magnetic  force. 

Praparation  of  hourly  normals  for  each  month. 

Regular  solar-diurnal  variation. 

Semiannual  inequality  in  the  diurnal  variation. 

Analvsis  of  the  solar-diurnal  variation. 

Epochs  of  maxima  and  minima;  amplitude;  epochs  of  average  value. 

Annual  variation  of  the  force. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840,  1841.  1842,  1843, 
1844,  and  1«45.— A.  D.  Bache. 
Part  VI,  Investigation  of  the  influence  of  the  moon  on  the  magnetic 
horizontal  force. 

Number  of  observations  for  lunar  discussion  and  their  distribution 
according  to  wt'stem  and  eastern  honi  angles  of  the  moon;  differences 
from  monthly  normals,  arranged  for  moorra  hour  auglea. 

Lunar-diurnal  variation  for  two  periods. 

Lunar-diurnal  variation  iu  summer  and  winter. 

Analysis  of  the  Iimsr-diurnal  variation. 

Investigation  of  the  horizontal  force  in  reference  to  lunar  phases. 

InOnence  of  the  moon's  changes  of  declination. 

Influence  of  the  moou's  changes  of  distance. 

Results  for  declination,  dip,  and  horizontal  intensity  in  Pennsylvania,  hi 
the  District  of  Columbia,  and  in  New  York.— C.  A.  St'hott. 

Abstract  of  results  of  a  magnetic  sun*ey  of  Pennsylvania  and  parts  of  ad* 
jacent  States  in  1R40  and  1841,  with  some  additional  reaults  of  1849 
and  1862.— A.  I).  Bache. 
Declinations  ob8erve<l  by  hiiu  in  1840  and  1841 ;  tabular  comparison  of  see> 
nlar  changes  in  I8i0,  1841.  and  1863;  cbrononietrio  results  for  long!. 
tud«;  seographical  TH>sitions;  distribution  of  declination  for  1812.0; 
general  table  of  results  refcrrefl  to  common  eiHK'b.  18A2.0 ;  comparihon 
of  observed  and  computP<l  values;  dip,  distributiuu  of,  and  isoclinal 
lines  for  1842,  Groups  1  to  4 ;  correction  to  epoch;  comparison  of  ob- 
served  and  comput<Ml  din ;  horizontal  intensity  and  isodynamtc  llnea 
for  1842 ;  tubular  fomiatton  of  groups  for  the  analytical  expreaalon  of 
the  distiibution  of  horizontal  force  referred  to  1K42.0;  comparlaon  of 
observed  and  hvpothetieal  computed  values ;  representation  of  tlie 
toUl  force.— [Sketch  47.] 

230, 231  !  Doclinatiou,  dip.  and  intensity  at  various  stations  (supplementary  to  list* 
1  given  in  Annual  Reports  of  1856, 1858,  and  1860.  pp.  851,852). 
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193 
194 
195 
198 
200 

202-212 


202 


206 

207 
209 
210 
211 
212 

212 


212-229 


REPORT   FOR   1891 — PART  11. 


425 


A  suhjeet-index  to  the  profesBional  papers  contained  in  the  annual  reportSj  etc. — Continued. 


rERRESTRIAL  MAGNETISM— Continued. 


Yer^ir 


1862 

1862 

1862 
1863 


18G3 


1863 


18G3 


18C3 


1864 


21 


22 


23 


19 


Suliject  and  aottaor. 


231,232  !  Solarspots.— Abstract  of  obHervatioDs  made  at  the  Coast  San'cy  Office. — 
C.  A.SchotU 
Sup]»lemeDtary  to  those  published  in  Report  f«r  1861. 

232-235  ;  Bessel's  p<»riodic  functions  developed  fdr  periods  frequently  occurring  in 
magnetic  and  meteorological  Investigations,  witn  examples.— O.  A. 
Schott. 

236-238  I  Dippinguecdle.— Description  of  a  new  form  of  axis  changeable  in  position.^ 
J.  E.  Hilgard. 


20 


22 


23 


16 


166-183 


iri6 
157 

104 

108 

171 

172 

174 

177 

178-183 


183-105 


183 
IMI 
190 
190 
193 
195 

190-204 


106 


201 
202 
204 

204 


I 


205 


183-190 


183 

184 
185 

186 
187 
187 
188 

180 
IC 


Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 

Oirard  College  Observatory.  Philadelphia,  in  1810,  1841,  1642,  1843, 

1814,  and  1845.— A.  D.  Bache.— [Sketch  30.) 
Part  VII.  Investigation  of  the  eleven-year  period  and  of  the  disturbances 

of  the  vertiou  component  of  the  magnetic  force,  with  a  supplement 

on  the  effect  of  auroral  lights. 
Instrumental  notice. 
Determination  of  the  effect  of  changes  of  temperature;  scale  valnet; 

reduction  of  observations  to  a  uniform  temperatui-e. 
Kecognition  and  separation  of  the  larger  disturbances. 
Investigation  of  the  eleven  (or  ten)  year  period,  in  the  amplitude  of  the 

diurnal  variation. 
Investigation  of  thetieven  (or  ten)  year  period,  in  the  disturbances,  and 

their  general  analysis. 
Annual  (nequftlity  in  the  number  and  aroount'of  disturbances. 
Diurnal  inequality  of  the  disturbances. 

Classification  of  tlie  disturbances  according  to  their  magnitude. 
Appendix ;  effect  of  the  aurora  borealis  on  the  declinatioii;,  the  hori' 

contal  and  vertical  force. 

DlscuHsion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  CoUege  Observatorv,  Philadelphia,  in  1840. 1841, 1842, 1848, 1844, 
and  1845.— A.  D.  Haohe.— [Sketch  30.] 
Part  VI 11.  Investigation  of  the  solar-diurnal  variation  and  of  the  annual 
irregularity  of  the  verticul  component  of  the  magnetic  force. 

Preparation  of  hourly  normals  for  each  month  and  year. 

Kegulnr  solar  dinmal  variation. 

Semiannual  inequality  of  the  dinmal  variation. 

Analysis  of  the  dinmal  variation. 

Maxima  and  minima ;  ranges ;  epochs  of  average  force. 

Annual  inequality  of  the  vertical  force. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 

Girard  College  Observatory,  Philadelphia,  in  1840, 1841, 1842, 1813, 1814, 

and  1845.— A.  D.  Bache. 
Part  IX.  Investigation  of  the  influence  of  the  moon  on  the  magnetic 

vertical  force. 
Number  of  observations  for  lunar  discussion ;  distribution  according  to 

eastern  and  western  hour-angles ;  differences  ftt>m  monthly  normals, 

arraneeil  for  moon's  honr-angles. 
Lunar  diornal  variation  in  summer  and  winter. 
AnalysiH  of  the  lunnr  diurnal  variation  of  the  vertical  force. 
Lunar  effect  upon  inclioatiun  and  total  force. 

Results  for  the  magnetic  declination,  dip.  and  intensity,  from  observations, 
by  C.  A.  Schott  and  G.  W.  Dean,  in  Maine,  Connecticut,  and  the  Dis- 
trict of  Columbia. 

Induction-time  in  relay  magnets.— Report  on  preliminary  experiments  made 
by  Assistant  G.  W.  D<  an  to  determine  their  relative  power. 
[See  under  "Longitude**  reference  to  Ann.  Report  for  1864,  App.  No.  20.] 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 

Girard  College  Observatory,  PhiUdelphia,  in  1840, 1841. 1842, 1848, 1844 

and  1845.— A.  D.  Bacho. 
Part  X.  Analysis  of  the  disturbances  of  the  dip  and  total  force. 
Formation  of  table  of  disturbances  af  the  two  component  parts  and 

their  combination  for  dip  and  total  force. 
Analysis  of  disturbancea  of  the  inclination. 
The  annnal  inequalities  in  amount  and  number;  eleven  (or  ten)  year 

inequality. 
Diumal  inequalities,  in  amount  and  number. 
Classification  of  disturbances  in  dip,  according  to  their  magnitude. 
Analysis  of  distarbancea  of  total  force. 
Their  annual  inequalities,  in  amount  and  number ;  eleven  (or  ten)  year 

inequality. 
Diurnal  inequalities,  in  amount  and  nnmber. 
Claasiflcation  of  disturbances  In  total  foroth 
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ei  fiiihjvrt  Index  to  the  profcsfiional  prtjwi'ff  roulahwd  in  the  annual  veporta,  etc, — Continued. 

TERKESTKIAL  MAGNETISM— Continued. 


Year. 

Appen- 
dix. 

Pa/;e». 

Snbjoct  and  author. 

1804 

_ 

17       191  199 

I>iAriiHH!oii  of  tlio  ninfinetic  and  meh^orolocical  oUhoi  vation8  mnde  at  the 
Giraul  Collffco  Olmervattirv.  Philadelpliia,  in  1840, 1841, 1842. 1843, 1844, 

1 
1 

and  1845.— A.  I).  IliHibo— [Sketch  38.] 

Tart  XI.  Snl:)v  diunial  variation  and  anunal  inequality  of  tlie  iDclinaiion 

and  total  forct^. 

193 

Combination  of  the  dinrnal  nornmla  of  tiic  two  components  for  dip  and 
total  foi-o*-.. 

19.1 

SolhF  diuipal  variation  of  thn  incHnatioii. 

114 

It.4  Hoiiiiannnal  inequality. 

194 

Aiialv«iiH  of  the  indar  diurnal  variation  of  the  dip. 

11».> 

Maxima  and  minima ;  ran;:('a  and  cpoclm  of  average  value. 

19«5 

Snliir  diurnal  variation  of  thf  total  force. 

IM! 

Ita  Homiannual  infquality. 

197 

Analyaia  of  the  Holur  diiimal  variation  of  the  total  force. 

198 

Annual  inequality  of  the  dip  and  total  f(»roe. 

1804 


1804 

ief4 

IBiJl 
ISC'"* 


18 


199-2U6 


I 


ipor. 


18C9 


1870  • 


1870 


lh(72 


18 
19 

20 
18 


19 


199 
200 

2o:s 

20:t-J01 


2o:..  -joo 

I 
207-210  i 

I 

211-220  ' 
lGO-174 


171  170 


DiflCiinHion    of  tho  mflfinetic  and  meteiirolojrical  ob.«ervations  made  at  the 

(^iirard  ColleRt^  ObHorvatorv,  rbilailelphia,  in  1810,  U41, 1842, 1843, 1644, 

andlK45.- A.  1).  n:uhe. 
Pail  XII.  DirtCuaHion  of  tltn  nia^uctir  inclination  and  table  of  abvoliita 

valiieH  of  the  di^lination.  inclinutiou,  and  iutenaity  between  181 1 

and  1845. 
Di.MciiHaion  of  the  mncnetic  inclination  :  introductory  notice. 
Almtract  of  o]Mor\a(ionfi  of  di]> ;  monthly  nieana. 
Collertion  of  dip  oliAr't-vritions  at  IMiilr.delphia. 
Analylionl i«zpr<>Hsioo  of  mMMilai  chan^u  nf  dip  normal;  absiolnte  valnea 

of  the  mapu'tlc  iloclination,  dip.  horizontal,  vertical,  and  total  force 

for  live  epochs,  and  thu  mean  epoch,  January,  1843. 

Oirard  College  obaervat ions —Index  to  didcusnon  by  A.  D.  Bache. 

U<  sultH  of  maunctic  obaervationH  made  in  tho  United  states  by  Prof. 
J.  X.  Nicollet  birtween  1832  and  1830. 

Eduction  time  of  relay  nia^cueta,  dedncotl  from  experiments.— O.  W.  Dean. 

IvcHultH  of  magnetic  observations  made  at  Eafttiiort,  He.,  between  I860 
and  1804. 
Declination,  diunial  ran<!e  of ;  annual  inequality  (diasrr.am) ;  epochs  of 
STt'Stest  diurnal  dellectinn :  mean  monthly  values  of  declination 
between  Au^nHt.  1800,  and  July.  1804:  annual  effect  of  the  secnlar 
change:  nnnual  incqunlity  of  the  declination;  name  at  Toronto; 
comparative  cnrxe. — [Sketch  29  (theodolite  magnetometer).] 

Keport  on  the  dintribution  of  the  macnetic  declination  on  the  coast  and 
parts  of  the  interior  of  thu  United  Statos.— C.  A.  Schott. 
l8o;;onic  chart  for  187<i.  -(Sketchi^  27  and  28.] 


199-207  !  KHport  on  the  rosultN  from  tlio  iibservatiouH  made  at  the  magnetic  observa* 
torv  on  Capitol  Hill,  \Vasliiuj;ton,  I).  C, between  1807 and  18«0.->C.  A. 
Sol'mtt. 
Ma^ni>ti(;  inrttinmenti) -,  seheme  of  obHcrvioK:  instrumental  constants; 
icHultrt;  declination  on  Capitol  Hill;  turniu);  epochs;  dip:  horizon- 
tal force :  tabular  synop^iH  of  majznetio  elements  observed  in  thelMJi- 
trict  of  Columbia. 


14  I     107-1 10 

I 
I 

15  I     III  114 


14 


23r, 


2r.i 


NeM-  invoHtipatfon  of  the  secular  chances  in  the  declinstiou,  dip,  and  in* 
tensity  of  the  mai;netic  force  at  Wasbinj^ton,  D.  C.  -  C.  A.  Scuott. 

* 

IteHiiltH  of  olmorvations  for  dailv  variati<m  of  the  maf;netic  declination,  made 
at  Vort  SicihuiMtm,  Wawhiuutuu  Territory,  in  1800,  and  at  Camp  Date 
(/reck,  Aiizona,  in  18C7,  by  David  Walker,  acting  assistant  sargeoB, 
U.  S.  A.,  and  discussed  ami  reported  by  Assistant  C.  A.  Sohott. 

M.nsnetic  (d»servstions  by  means  of  portable  instrumenta. — C  A.  Schott. 
(1)  Determination  of  tlie  magnetic  declinution;  a<1.iustment  of  the  dccli- 
nnmrter;  example  of  scale  reading :  magnetic  declination:  example  i 
(2)  almidiite  ana  relative  nieasuren  of  the  maunetic  force;  the  ma|(> 
netoniet^'r:  observations  of  deflectiona ;  honzontal  Intensity;  defleO' 
tions:  foiiD  1  :  magnetometer  with  attaelied  thcfalolite;  ae>fleotln|C 
magnet  in  the  magnetic  prime  vertical ;  form  2 ;  theodolite  magne- 
tometer; defle(;ting  and  deliected  magnets  at  right  an|^  to  eacli 
other;  observations  of  oscillations;  example;  calculation;  example 
of  observation  of  deflections:  (3)  determination  of  the  manetlo  dec- 
liuation ;  reversal  of  poles  of  dipping  needles  :  magnetic  dip ;  tpeel- 
nien  of  rec«>rd  for  linding  magnetic  meridian;  niagnetie  dipi  eompa* 
tatiou;  cimeludiim  leinnrkti. 
Appendix.— -Onli nary  a4]Uiistuiouts  of  the  tbewlolitOi 
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A  Bnhject-index  to  Ihe profvasionaJ papet'S  contained  in  thcannnal  reports,  etc. — Coutiuuod. 

TERRESTRIAL  MAGNETISM— Continued. 


Y»*ar. 


1874 


1874 


^^SFx"  I  p^K^- 


8 


72-108 


10»-i30 


Subject  and  aiitbor. 


iH7r» 


10       251-278 


187G 
1877 
1879 


1879 


7 ; 


Secnlar  chanfi^o  of  magnetic  decliDation  in  th<^  Uniteil  Stnto»  and  other  part.s 
of  North  Amerir-a:  new  discussion.— C  A.  Schutt. 
Collection  of  mnfuietic  declinutionH,  llnlifax,  Is'ova  Scotia:  Quebec,  Can- 
ada; Yorl\  Factury,  Hudson  Bav:  Portland,  Me. :  Buiiiiigton.  lint- 
laud,  Vt. :  Portsmoutli,  N.  H. ;  Kewburvjiort,  Salciu.  Jtoston,  ('am- 
bridge,  Nantucket-,  Mass.;  Providence,  It.  I. :  Ifartfoid,  New  llaven, 
Conu. ;  Albany,  Oxford,  Buffalo,  N.  Y. :  Kric,  Pa.;  Ulcvelantf,  Ohio,; 
Detroit,  Mich.:  New  York  and  vicinity,  N.  Y. :  Iiatl»oroui;h,  Pbila- 
delpliia.  Pa. ;  "Waahineton,  D.  C. ;  (y'ape  ifi-nry,  Vu. :  (-harlwiion,  S.  C. ; 
8Hvanu:ih,Ga. ;  Key  west,  Fla. :  Havana,  Cuba:  Kinir.ston,  •la.iiaica;^ 
Nuw  Oili-anM,  Lb.-'  Vera  Cruz,  City  uf  Mexico,  Acnpulco, San  Blan,' 
Mexico;  Panama, New  Granada  ;  San  Diego,  Monterey,  Point  Pinon, 
San  FianciHi-u,  Cal. ;  Cape  Disappointment,  W.T. :  Sitka,  ('aptaina 
Harl»or,  (TualaAbka  Inland,  Alaska  ;  Ka.Htport,  Me. :  lI,inoVi-r,  CboHter- 
field.  N.H.:  Toronto,  Cana<1a;  Baltimore,  Md. ;  Willianmbiir;;.  Va. ; 
New  Berne,  N.  C. :  Mobile,  Florence,  Ala. :  St.  Louis,  Mo. :  ('a]M;  Men- 
docino, Cal.;  Nootka,  Vancouver  Island;  PetropaiilovHiii,  Kanit- 
chatka;  table  of  empirical  expressions  for  macnetic  declination; 
comparison  of  magnetic  declination  observed  and  compntfd:  taido, 
Duuiber  of  observations  at  each  place ;  table  of  decennial  values  of 
the  magnetic  declinatiun. 

Magnetic  observations,  Key  West.  Fla.— C.  A.  Schott. 
Monthly  results  for  magnetic  declination,  IKtiO-l)^ ;  annual  eireet  of  the 
secular  change  of  declination;  annual  variation  of  the  declination; 
observetl  annual  variation  of  the  declination  at  statioui  near  tho  At- 
.lantic  seaboard :  monthly  values  for  macnetic  dip  at  Key  West; 
annual  etloct  of  the  seciilar  change  in  the  dip:  monthly  values  for 
horisontal  intensity  at  Key  West;  aunnlar  etlect  of  the  8e<:ular 
c^finge  in  the  horizontal  intensity;  annn.il  variation  in  the  hori7<on- 
tal  intensity;  general  table  of  results  from  absolute  nieasun-s  of  tho 
magnetic  declination,  dip.  and  intensity;  ditti-rentiul  measures  of 
changes  in  magnetic  declination  from  tho  Brooke  magnet o^raphH 
at  Key  Wcstf  1^60-1  bCG;  monthly  means  of  hourly  readings  t'loiu  ilie 
photographic  traces  of  the  fixed  declination  at  I\ey  Wi'st  :  recapitu- 
lation of  monthly*  means  of  declinometer  rea<Iiugs :  pi-rmanoncy  in  the 
line  of  detorsion  in  the  suspension  skein:  di!«ciissii>n  of  th«'  disturb- 
ances of  the  magnetic  declination :  monthly  normals  of  hourly  read- 
ings i.f  the  declinometer  at  Key  West:  mean  monthly  normals  of 
hourly  ieadin;;s  from  observations  extending  over  six  years :  number 
of  disturliancea  during  six  successive  years :  distribiitiouof  liisturb- 
ances  in  the  yearly  period  ;  in  the  daily  perioil ;  average  magnitude 
of  disturbances  during  successive  years;  in  the  yearly  period  :  in 
the  daily  period;  solar  diurnal  variation  in  tlie  magnotiu  ileclina- 
tion  at  Key  West  for  the  epoch  I8(5.').3:  tho  same  l>etwiH>n  186 'and 
•  1866 :  the  same  at  Philadelphia  for  tho  epoch  184'J..5 ;  diagram  ;  <rliar- 
aoteristic  features  of  the  daily  variation :  eleven-year  inequality  in  tho 
solar  diurnal  variation  ;  mean  annual  normals  of  hourly  reiuhngs  of 
the  declinometer  for  six  years,  1860-1866,  at  Key  West ;  mean  aunual 
normal  deflections  at  eacli  hour. 

Terrestrial  magnetism.— C.  A.  Schott 
.Instructions  for  raagnetical  ol>servation8. — (Keprintad  from  Appendix  No. 

14,  Iieportofl87*.I.) 
(1)  Determination  of  tho  magnetic  declination:  sketch;  ailjiistment  of  tho 
declinometer;  example  of  scale-reading;  lUitgnetic  de.olitialion  ;  ordi- 
nar3' adjustments  of  the  theodolite);  diagnim  ;  example  of  record  and 
reduction  ;  aolar  diurnal  variation  of  deeliuation  at  Toronto,  Canada, 
Philadelphia, and  Key  West;  (2)  determiuation  of  tho  magnetic  in- 
clination; reversal  of  the  poles  of  dipping  netulles;  diagram  No.  29, 
of  dip  circle;  20  B,  dip  circle :  magnetic  dip;  st>c«imen  of  record  for 
finding  magnetic  meridian ;  (3)  absolute  and  relative  measures  of  tho 
magnetic  force;  the  magnetometer;  observatitiiis  of  detiectioiis; 
forms  1,  2 ;  observations  of  oscillatioiw ;  forms  ;  example  to  observa- 
tions of  deflections  for  value  of  4*  of  magnet  II. 

400     Chart  of  magnetic  declination  in  the  United  Statoa,  1875.— J.  E.  IliU^ard. 

00-07  I  Magnetic  observatory  at  Madison,  Wis. — C  A.  Schott. 


9 


50 


121-174 


Secular  change  of  the  magnetic  declination  in  the  Uniteil  States  and  at 
some  foreign  stations.— (Third  edition  ;  two  illustrations.  Separately 
printed.) 

Secular  change  of  magnetic  declination  in  the  Unito<l  States  and  at  aomo 
fondgn  stations — (Fourth  edition.  Juno,  18f<l.)~C.  A.  Schott.— (A 
third  edition  was  published  separately  June,  18711.) 
Magnetic  declination,  definition;  tolar  diurnal  variation;  annual  v«.t\»«- 
tion;   lunar  inequalitiea ;  magnetic  distucbMiQ«a  \  NaLVftNAxVciN. '^^Aan 
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A  Huhjed- index  to  the  prof tsaioHa}  papern  rontahwd  in  the  annual  repurU,  etc, — Coiitiuueil. 

TERRESTRIAL  MAGNETISM— Coutiuued. 


Year. 


*8ri  •••«'•• 


1880 


1881 


19 


Subject  and  author. 


412-417 


8 


1881 


9 


120-158 


150-224 


/       / 


the  Doedle  aMd  amon^  the  Cliine«e  and  Xorwefflans ;  the  dei'lination ; 
iaoKODio  churta;  aecular  variatiou  of  tlie  aecliDatton;  aDalytical 
eipreMioii  of  the  afoalar  chaoKC  of  t)ie  docliuatiou ;  collection  of 
niagiiGtic  declination  tor  the  dii»cnaMion  of  the  aecnlar  chanfre ;  rnrla, 
France;  Halifax, Nova  Scotia;  Quebec,  Montreal.  Canada;  York  Fac- 
tory, iliidaon  Bay;  Portland,  Mh.  ;  Burlinitton.  Rutland,  Vt. :  Porta- 
nionth,  N.  H. :  Newbui7p(»rt,  Salem,  Boston,  Camliridge,  Nantucket. 
MaHH. ;  Providence,  R.  t. ;  Hartford.  New  Haven,  Conn. ;  Albany,  Ox 
fnrd,  Buffalo.  N.  Y. ;  Toronto.  Canada ;  Erie,  Pa. ;  Cleveland,  Ohio  ; 
Detroit,  Mich. ;  St.  Lonia,  Mo. ;  New  York  and  vicinity,  N.  Y. :  Phila- 
delphia. HarriBburjTi  Pa. ;  Baltimore,  Md. ;  AVanhinjjton.  D.  C. :  Capo 
Henry.  Va.;  Savannah,  Oa. ;  Key  Weat,  Fla.;  Havanii.  CJuh:i ;  Kinea- 
ton,  Jamaica  i  Panama,  New  Granada  ;  Rio  Janeiro,  Bi-ar.il :  Mobile, 
Ala.;  New  Orleans.  La.;  Vera  Cniz,  City  of  Mexico,  Acapulco,  San 
Blan,  M»ixioo ;  Maiirtlalena  Bay,  Lower  GNlifornia :  San  Oiego.  Monte- 
rey, Point  Pinoa.  San  Frnnciaco.  Cal. :  Cape  Disappoint mnit,  W.  T. ; 
Kailua,  Hilo,  and  Kealakekua  Baya,  Owliyhee.  Sandwich  iHlands; 
Honolulu,  Oaho,  Sandwich  InlnndH  ;  Sitka,  AlaHka:  Captain.i  Harbor, 
Unalanhka ;  Petropaolovaki,  Kamichatka ;  St.  Johna,  Newfoundland ; 
Kaatport  Me. ;  Hanover,  Chesterfield,  N.  H. ;  Sault  Ste.  Marie,  Grand 
Haven,  Mioh. ;  WilliamsburK.  Va. :  Now  Berne,  N.  C. ;  Florence,  Ala. ; 
Bermuda  Islands;  Ssn  Ant/mio,  Tex. ;  Omaha,  Nebr.;  Council  BlufTM, 
Iowa:  Salt  Lake  City,  Utah  ;  Cape  Mendocino,  Cal. :  PortTownseud. 
W.  T. ;  Neoah  Bay,  W.  T. ;  Nootka.  Vancouver  Island.— Tablu  I. 
formula  for  ma;niet£c  declination  at  varloua  places ;  Table  11.  compar- 
ison of  observed  and  computed  ma^uetic  declinations:  Sketch  No. 
3K;  Table  III, number  of  observations;  apparent  probable  error  of 
observation;  Sketch  No.  87;  Sketch  No.  89;  Table  IV,  decennial 
values  of  the  magnetic  declination  computed  from  preceding  equa- 
tions. 

Variation  of  the  ooropaaa  off  the  Bahama  Islands  at  the  time  of  the  landfall 
of  Columbus  in  1492.— C.  A.  Schott. 
Remarks  on  the  early  use  of  the  compass ;  at  the  time  of  Columbus :  reck- 
oning time;  notes  on  the  voyages  of  Columbus ;  line  of  no  variation : 
corrections  to  the  agonic  line ;  track  of  Columbia  across  the  Atlantic 
in  1492  in  tabulu*  fonn ;  conclusions.— [Sketch  No.  84.] 

Direction*  for  mainietio  observations  with  portable  instmments.— (Thinl 
and  enlargea  edition,  with  4  plates.)— By  Charles  A.  Schott^  Assistant. 
Introductory  remarks;  selection  of  stations;  I,  determination  of  the  mag- 
netic declbiation;  definition;  finding  the  true  meridian:  adinstment 
of  the  iheodolite  and  alt-aziniuih  instrument ;  formulw  for  netermiu- 
ing  aximuth  and  time ;  examplea  of  record,  and  reductions  fVoro  sou 
observations  and  fh>m  observations  on  Polaris;  adjustment  of  the 
declinometer  and  magnetometer ;  observations  for  magnetic  axis  and 
scAle  values,  with  examples ;  table  of  solar  diurnal  variation  of  the 
declination  at  Toronto,  Canada,  at  Philadelphia.  Pa.,  and  atKey  Weat, 
¥^a.;  tables  of  the  times  and  azimuths  of  Polaris  at  elongation,  for 
the  uiM*  of  surveyors  in  determining  the  true  meridian  ;  obsorvationa 
for  magnetic  declination ;  II,  determination  of  the  magnetic  inclina- 
tion; description  of  inntroment;  n^Jostment  of  dip  circle;  reversal 
of  poles  of  dipping  needles :  observntions  for  inclination  or  dip,  with 
example ;  observations  of  dip  bv  means  of  a  loaded  needln  (the  Mayer 
method),  with  example  of  recon\  and  reduction  ;  determination  of  the 
relative  total  intensity  by  means  of  the  dip  circle  in  connection  with 
deflecting  weiichtH,  as  devised  by  Rev.  H.  Lloyd,  with  formulie  and  ex> 
ample;  detorniinatinn  of  relative  total  intensity  by  means  of  the  dip 
circle,  combiningdeflectionH  by  grnvity  and  magnetism,  by  Dr.  Lloyd^ 
method,  with  formulie  and  example ;  III,  absolute  and  relative  meaa> 
nren  of  the  magnetic  force;  units  of  measure  of  the  magnetic  force { 
descriptiim  nnd  use  of  the  magnetometer ;  observations  of  defleotionii, 
with  examples  of  record  anu  re<lnc(ion  :  determination  of  magnetic 
coiistJUitA ;  observAtious  of  oscillations,  with  example  of  record  and 
reduction;  corrections  for  iDcqiiality  of  temperature;  example  of  ob- 
servations of  deflection  fi>r  value  of  q  (tem]>eratnre  («efiicieiit) ;  Intro* 
duciion  of  absi>Iute  for  reiativo  values  of  the  horizont*!  force,  aa  de- 
term  incnlbv  oscillations  alone;  concluding  remarks;  formuls  for  total 
force ;  constnut-s  for  the  conversion  of  intensity  into  different  unita ; 
list  of  standiird  worki*  on  magnetism;  illustrations  of  the  different 
forms  of  magnetometera,  and  of  the  Kew  dip  circle.— [Iliuatrationa 
84-37.] 

Terrestrial  maenetism.— Collection  of  resnlta  fbr  declination,  dip,  and  in- 
tensity, from  observations  nia<le  by  the  U.  8.  Coast  and  Geodetio  Sur- 
vey Itetwren  18:t:)  suid  1882,  July. -^By  Charles  A.  Schott,  Aasiatant. 
Introductory  roniiirks:  explanation  of  the  tables  of  magnetic  reaalta; 
tallies  of  niiignetic  results  arransed  by  States  and  Territoriaa  in  alpta»* 
lieiical  iinliT,  with  a  table  hetuled  "  Foreign  countriea,"  ending  wlVh 
a  description  of  stations  arranged  in  same  order. 


REPOBT   FOR   1891 PART   II. 


429 


A  8uhject4ndex  to  the  prof estsional  papers  contained  in  the  annual  reports, etr. — Continued. 

TERRESTRIAL  MAGNETISM— Continued. 


Year. 


1882 


J88J 


1882 


12 


Pnges. 


2U-27« 


Subject  and  aathor. 


On  tbe  secniar  variation  of  tho  maj(ii«tio  declination  in  the  United  States 
and  nt  some  foreign  Rtatinns.— (Fif'h  eiUtion,  NoTember,  1882.)— By 
Charles  A.  Scbott,  Assistant. 
Introductory  remarks ;  solar-diumal  variation  ;  annual  variation ;  iunar 
inequalities;  secular  variation;  magoeiic  disturbances;  historical 
note;  the  derlinatioii ;  isugonio  charts;  the  secular  variation  of  the 
decliuaiion  ;  analytical  expression  of  thn  secular  variation  of  themag> 
netic  devlination ;'  coUi>ction  of  inacnetic  declinations,  observed  at  va< 
rious  places  in  tbe  United  States  and  at  some  foreign  stations,  from 
the  e^irliest  to  the  present  time,  and  found  suitable  for  the  investiga* 
tion  of  the  secular  variation  ;  Table  I.  forniulie  expressing  the  mag- 
netic declination  at  vurious  places  and  for  any  time  within  the  limita 
of  observation,  deduced  from  tho  preceding  collection  of  results; 
Table  I  (bl,  expressions  for  the  magnetic  doclination  at  subordinate 
stations;  Table  II.  coinpnrison  of  observe<I  and  computed  magnetic 
declinations;  TabK- Jil.annual  change  of  the  declination  and  other 
data;  Sketches  33, 3o, ;!niiihically  representing  the  secular  variation 
at  Bultimore,  Md.,  Snn  Francisco,  Cal.,  and  at  Paris,  France ;  Sketch 
34,  showing  thn  position  of  the  agonic  line  for  1790  and  1885,  and  an* 
nual  change  of  toe  magnetic  declination  for  the  epoch  1885 ;  chart  of 
tho  secular  change  in  the  position  of  the  agonic  line  of  the  North  At> 
Untie  between  1500  and  1900 ;  Table  IV,  decennial  values  of  the  mag- 
netic declination.— [Illustrations  33-36.] 

13  '    277-328  !  Distribution  of  the  magnetic  declination  in  the  United  States  at  the  epoch, 

January,  1885,  with  three  isogonio  charts  and  one  plate. — By  Charlea 
A.  Schottv  As.siHtant 
Prefatory  remarks;  method  of  forming  tables  of  observed  magnetic  dec- 
linations and  corrosponding  values  referred  to  eiioch,  January,  1885; 
a  chart  showing  disturbed  isogouics ;  table  of  results  for  Alaska, 
formed  with  a  view  of  expresning  the  doclination  te  1KH5  in  a  function 
I  of  the  latitude  0  and  the  luugitudu  A;  diiic.unsion  by  Lloyd's  formula ; 

I  talile  of  niiignel  ic  declinations,  for  tho  most  part  observed  in  thepres- 

I  ent  centurv,  reduced  to  the  epoch,  January  1, 1885,  whirh  forms  the 

I  basis  for  the  oonNtnictiou  of  three  isogomo  charts  of  the  United 

States.  No«.  38,  39,  nud  40. 


14  I    320-420 


18<<3 


13  <    323  3G5 


Kecords  and  results  of  magnetic  observations  made  at  the  charge  of  the 
"  Bache  fund"  of  the  Nat  onal  Academy  of  Sciences,  from  1871  to 
187G.— Executed  under  the  direction  of'J.  K.  llilgartl,  M.  N.  A.  S. ; 
data  collated  and  abst  racts  prepared  by  U.  W.  Blair,  Assibtant. 
Pnfiitory  remarks;  magnetic  survey,  1871-72;  descriptiouh  of  stations; 
declinations  tor  1871-'72 ;  table  of  declinations,  with  an  explanation  of 
taide;  lioi  izontal  int^UHity  for  1871-72 ;  method  of  observing;  tables 
of  lesults  for  horisontal  intensity,  arranged  by  stations ;  table  of  gen- 
oiiil  results  fur  1871-72:  declination,  uip,  horizontal  intensity;  de* 
H«-riptions  of  stations  for  1873;  tableofresulta  for  declination  for  1873; 
obseivations  for  iueai  time:  observations  tor  dip;  observations  for 
horizontal  inten»it,v  ;  general  r(>sults  for  1878  ;  descriptions  of  stations 
for  1874  ;  observations  for  declination  fur  1874 ;  observations  for  local 
time;  observations  for  dip:  observations  for  intensity;  general  re- 
sults for  1874  ;  descriptions  of  Mtalions  for  1875;  observations  for  dec- 
Iiuati<m;  observations  for  local  time;  observations  for  declination, 
continued  ;  observations  for  local  time,  continued ;  1878,  oba*  rvations 
for  declination:  observations  for  dip ;  observations  for  horii&ontsl  in- 
tensity :  general  results  for  1876;  summary  of  results,  1871  to  1876. 

Account  and  results  of  magnetic  observations  made  under  the  direction  of 
the  U.  S.  Coast  and  Geodetic  Survey, in  co-operation  with  the  U.S. 
Signal  OtHce,  at  the  U.  S.  Polar  Station,  Ooglaamie,  Point  Barrow, 
Alaska.— Lieut.  P.  Henry  Kay,  A. S. O., commanding  poet ;  redaction 
and  discussion  by  Charles  A.  Schott,  Assistant. 
Table  of  contents;  f'art  I,  introduction:  instructions  and  notes  for  the 
guidance  of , the  observers  to  be  stationed  at  Point  Bai row,  Alaska, 
and  at  Lady'Franklin  Bay.  north  of  Smith  Sound,  An  tic  Ocean,  with 
a  plan  for  magnetic  bouse  for  Point  Barrow;  memorandum  furnished 
Point  Barrow  relief  party,  with  plan  for  new  observatory  ;  notes  on 
the  mounting:  the  acMnstment  and  thedetermimttion  of  instrumental 
constants  of  the  BrooRc  differential  magnetometers;  (1)  the  declina- 
tion or  unililar  magnetometer,  (2)  the  horizontal  force  or  bifllar  mag- 
uetom«>t€r,  (3)  tbe  vertical  force  or  balance  magnetometer ;  geograph- 
ieal  poaition  of  Ooglaamie  Station,  Alaska;  sketch  of  U.S  Polar  Sta- 
tion, Ooglaamie,  Alaska ;  Part  IT,  absolute  measures ;  monthly  values 
of  the  magnetic  declination,  dip,  and  intensity  at  Ooglaamie,  Decem- 
ber, 1H8I,  to  August,  1883:  Part  III,  differential  measures;  hourly  va- 
riations of  the  declination,  horizontal,  and  vertical  intensities,  with 
bimonthly  term-day  readings,  at  Ooglaamie,  December,  1881,  to  An- 
gust,  1883;  atynstments  of  the  Brooke  differential  msgnetom«ter%\ 
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TKKUKSTKIAL  MAGNKTISM— C'oiitiniicd. 


Tear.  '^Sj;- 


Paiges. 


IBR'i  i 


6 


Subject  and  aullior. 


120-274  ■  The 


18Rr»  : 


1880 


recapitulatiou  of  monthly  mean  values  (inolnsive  of  dUtarbauom)  ot 
hourly  ivadingaof  RrookedoclinometeraiOofrlaaraie,  Alaska,  1882-'83; 
flolar-iUnruul  variatlDn  of  the  declination,  inclusive  of  diaturbancaa, 
Kith  a  graphical  repn^htntHlion :  aeparation  of  the  larger  masnAiio 
v.iriation.s  or  Hu-cnIU'd  dintiirbiincen  and  their  di-cusnion  ;  thebifllar 
mngni'tometcr. — [lUiiMtratiuu  34. 1 

{:eo;;iaphical  dintribiition  and  fleonlar  variation  of  theroagnetio  dip  and 
iiit<'iihilv  in  the  Uiiitcd  StateH.— By  (^harlea  A.Si'hott,  AMistaot. 
Prefatory  letter;  intnMiuction  ;  Part  I,  explanation  of  the  general  table; 
I'Mblo  r,  observed  uiupietic  dips  and  horizontal  and  total  majnietic 
iuteiiHltieii  in  the  l:uiicd  Stolen  and  a(Uac«nt  reeioud.  arranced  alpha> 
bi'tically;  Part  II.  Aerular  varinilon  ol^tho  magnetic  dip  in  tha  United 
States;' iiitrofluotorv  rcniarka:  dincuHsion  of  dip  by  least  aqnarea; 
Table  If,  annual  viilueM  of  obhorvi>d  mainietio  dip  at  prominent  sta- 
tions and  comparison  (if  o1>h4Tved  and  comnat^d  dips :  two  f^roups  of 
stations  exhibit iu);  for  evcr^'  flf  h  year  cnanse  in  din,  fh>m  ISO  to 
1885.  to  be  ustMl  in  <'onne4'.tion  with  ae<'ular  variations  oi  the  horison- 
tal  component  of  the  foice,  and  of  the  total  force ;  type  curves  of  the 
secular  variation  of  the  dip;  Part  III, secular  variation  of  the  hori- 
isont^il  coniponeut  of  the  mafinetic  force  and  of  the  total  intensity  in 
the  United  Slates:  Table  HI,  annual  valncs  of  observed  majnietic 
h<iri/.ontaI  force  nt  pnunincnt  statiourt:  thiee  type  ourres  sliowiug 
HOCMilar  vuri4tiun  of  t lie  horizontal  intensity — flrHt^furtho  northeast' 
ern  pari  of  the  T'nited  Stales:  second,  for  the  eastern  part  of  the 
United  States  ;  third,  for  tlie  wet<tem  c«»astof  the  United  States;  seo- 
uiar  vuriation  of  the  total  Inti-nAity  of  the  magnetic  force:  secular 
variation  of  the  direi'tion  of  a  freeiy-suspendotl  magnetic  nee<lle.  with 
a  i>pe  t-urve,  tor  I  lie  N«  wKiifilnnd'Statis,  from  18*20  to  1885;  constmc- 
tioii  oi  irtomai^nctir  ni:ips  of  the  United  States,  shoiKins  the  distribu- 
tion of  the  dip,  and  of  the  horizontal  component  and  total  value  of  the 
eaitli'H  mnentttic  inteusilv,  fur  the  epoch,  January  1, 1H85.— {Illastra- 
tioHH  19  24.] 

275  2SA     ('olloction  of  some  mafrnetic  variations  olT  the  coast  of  California  and  Ifex- 
i  ico.   observed  by  SpaniFih    navi|:ators  in  the   last  quarter  of  the 

eighteenth  century.— Commnniraicd  by  Geonio  Davidson,  Assistant. 
Prefatory  letter :  table'uf  ro»ultH  •>btaiue<l  during;  the  voyage  of  the  frigate 
Santiago  for  discovery  ot  nortli  coast  of  (California;  table  of  resnlta 
obtained  by  frigate  Santiago  and  s<h(Kiner  Sonora:  table  of  resalta 
obtained  by  Sr.  Virey  and  Antonio  Rucareli,  <  oramanding  two  fHg- 
ateH  in  expedition  of  ITTU;  table  of  results  obtained  during  the  voyage 
of  17}^.  in  vessels  Priurcssaand  Siin  Carlos,  northern  roast  of  Caiifnr- 
nia:  t;)ble  of  results  obtained  during  the  voyage  of  the  packet  San 
Carlos  from  Ounalaska  to  San  Bins  ( coin cidently  with  frigate  Prin- 
cei«sa) :  table  of  results  obtained  durin«:  the  voyage  from  Ban  Bias  to 
Nulka.  1700:  lerord  of  the  packet  Philipino,  oommanded  by  Fidalgo 
in  h in  voyage  of  discovery,  in  1700.  from  Nutka  to  Prince  William, 
Cookn  liiver,  and  return  to  Monterey;  record  of  the  sloop  Prinoesa 
>  I  liO>al.  vo^a^e  fium  Santa  Cru7.  to  Straits  of  Fiioa,  year  1790,  com- 

!  nianded  by  Don  Maiiuel  C^uimper. 

I 

12       2!>I   1(>7     Tlie  secular  variation  of  the  magnetic  declination  in  the  Unit«<l  States  and 

at    rioiiie  toreii^n  stations  (Hixtli  edition,   greatly  enlarged,   April, 
1887)  —r.y  Cliailea  A.S«liotl,  Asnislant. 
I      lutioduction  :  the  magnetic  declination;  the  solar-diumal  variation ;  the 
I  annual  vaiiatiou:    lln-  necular  variation:  msfinetic  disturbancea  or 

storniH:  iiistorical  note;  the  dLclination ;  inogonic charts:  thesecular 
variation  of  the  declination  ;  analytical  expressi<in  of  the  secular  va- 
rlstion  of  the  magnetic  declination  :  illustration  representing  graphi* 
rally  the  secular  variation  of  the  magnetic  declination  at  Parla, 
France,  from  l.''i4o  to  19o0;  collection  of  obsen'ed  magnetic  deellna- 
tion.M  suitable  for  the  investigathm  of  the  siH'ular  variati'^n  :  Gnmn  I, 
series  of  magnetic  stations,  mainly  on  the  Atlantic  cimst.  and  in  the 
region  eant  of  the  Appalachian  range, 43  stations:  results  for  Group 
i,  with  an  analytical  expres'^ion  (in  which  the  magnetic  declinatiou  ia 
e\p^eH^ed  an  a'fiinction  of  the  time)  for  ea^-h  st:iti<m  :  Group  I,  com- 
parison of  oliHi>rved  and  ccmipnted  agnetic  declinations;  resalta  tor 
tiroup  I.  conipbtcd:  (ironp  II.  Hcries  of  magnetic  stations,  mainly  in 
the  cpuiral  piirt  uf  the  United  States,  between  the  A ppalachian  and 
IvtM-ky  Monntain  ranges,  24  st-ations;  reimlts  for  group,  with  an  ana* 
h  tical  I  \i»n  sHion  for  each  sTatioii  in  which  the  magnotia  declination 
is  e\pri  .sM'd  an  a  function  of  the  time  :  ttroiip  II,  comparison  of  ob- 
served ami  conipiiled  magnetic  declinations;  results  for  Group  II 
coniph'led:  (ironu  III.  collection  of  magnetic  derlinationa  frwn  the 
earlii-.<4t  to  the  fircseiit  time,  obnerveil  on  or  near  the  Pacific  coaat  of 
the  United  State:*  and  west  i>f  the  UorLy  Monntaiiw  and  extendinc 
over  th(*re;>iiiii  iVom  the  Isthmus  of  Tehiiantepec,  Mexico,  Dorlhwara 
to  Beiing  Strait  and  tho  Arctic  Ocean,  coast  of  Alaska;  8nbdiTiaio|i 
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-I  subject-index  to  the projeasioualyapen  contained  in  the  annual  reports,  etc. — Contiiinod. 

TERRESTRIAL  MAGNETISM— Continued. 


Year. 


18d' 


Appon 
dlx. 


10 


1888 


J888 


1888 


liS8 


1S88  ! 


Pn|C(«ii. 


Subject  and  author. 


207-2 in 


25-28 


29-33 


into  sronps  from  A  to  G ;  tliirty-nino  inajnietic  stationR,  mainly  on 
the  I*aciflc  coorit  and  in  the  region  weHt  of  the  Kooky  MountainH; 
reHiilts  for  Group  111,  with  an  analytical  oxprcRAion  for  each  Htation 
in  which  tlie  ninunetio  duoliiiation  ix  tixprofwod  a^a  function  of  tinio; 
Crrotip  III,  compariHon  of  ohflervod  and  computed  tua{;netic  decliua- 
tionR;  restiliH  for  (iroup  111  complc^tod;  f^aphicul  ilhiHtration  of  the 
Koculnr  varialioi),  illustration  No.  31 ;  Mftculur  chau>;fl  in  the  poHition 
of  thea;;onic  lino  of  North  Atlantic  Ix^twoon  1500-1000,  illuntiation 
No.  'H3 ;  proKicaaive  change  in  the  necular  variation,  with  a  diHcuHaiou 
of  the  snlvject ;  the  prohnble  errors  of  «omo  of  the  early  obsvrva- 
tionB.— [IlluBtrations  29-3^1 ) 

The  ina^etio  work  of  the  <in'ely  Arctic  Expedition.— Abstract  of  a  report 
by  Charles  A.  Schott,  AHsi^tnnt. 
A  hhoTt  hlAtorical  account  of  the  expcditionn  pent  out  in  command  of  Lieut. 
Groely  and  Lieut.  Ray :  a8tronomi4'.jil  and  mn;j;octic  work  of  Sor- 
iieaat  Israel ;  magnetic  obnorvatory  at  Fort  Congi^r;  dct<'riuinationof 
latitude.  loncitntlR.  and  azimuth:  the  number  of  magnftic  ohsfrva- 
tions  and  ncheme  for  observin)];  the  declination  ;  sohir-diurual  varia- 
tion ;  annual  variation ;  hourly  observations ;  t4>rm-day  and  term- 
honrolwervations;  observations  of  oscillatiouH ;  observations  for  dip; 
dates  ol  aurora  displays;  tables  of  mannotic  results  derived  from  tuo 
work  of  other  Arctic  explorers  -,  annual  clian^n  in  declination  in  thlti 
rcj;iou ;  importance  of  a  re<lotormiuation  of  the  American  i>ole  of  dip. 

Bulletin  Ko.  5.— The  value  of  the  "Arcane  del  Mare  "  with  reference  t«  our 
knowledge  of  the  matinotie.  declination  in  the  earlier  part  of  the  sev- 
enteenth century. — (Two  illustrations.) — By  (J.  A.  Scfiott,  AssistunL 

Bulletin  No.  6. — Secular  variation  in  the  position  of  the  a;;onio  line  of  the 
North  Atlantic  and  of  America  between  tli«*  epochs  1500  and  1900 
A.  I).— (Three  illustrations.)— Hv  (Miarles  A.  Schott.  A.ssistaut. 


35-40  !  Bulletin  No.  7. — Ilistorical  review  of  the  work  of  the  Coast  and  Geodetic 
Survey  in  connection  with  t^Trestrial  ma^^nctisiu. — By  Charles  A. 
Schott,  Assistant.     (Four  illuhtr.itious.) 

167  176  !  (Same  title  as  BuHetin  No.  5-1888.)    The  value  of  the  Arcane  del  Mare, 
et«.    (Two  illustrations.) 

177-312  ■  The  secular  variation  of  the  majrnetic  needle  in  the  lTnit4»d  States  and  at 
Hoiue  forei;;n  Htations.  -By  ("liarles  A.  Schott,  Assist^tnt. 
(Seventh  edition.  June,  1889.)  Introduction:  the  nia^netic  declination:  the 
solar-diurnal  variation;  the  annual  v.iiiation:  the  variation  dependin;; 
on  thesolarrotation;  thelnnarineipialities;  the  secular  variation;  plate 
showing  secular  variation  of  the  magnetic  declination  at  Paris,  France; 
maeuetic  disturbances  or  storms:  historical  iiot4>:  the  declination:  iMt- 
;!ODic  eharts;  thesocular  variation  of  the  decliuatiou;  analytical  cxpres- 
si4Ui  of  the  secular  variation  of  the  maiinetic  declination;'  collection  of 
<d)served  maj^netic  declinations  suitable  for  the  investigation  of  ih« 
secular  variation;  Group  I. — Series  of  magnetic  stati<ms  mainly  on 
the  Atlantic  coast  and  in  the  ro^'.ion  tMst  of  the  Appalochisn  ran^e, 
list  of  stations  and  explanation  of  tables;  Gnmp  I.  -(/oll<H-tion  of 
observed  nia;;netic  declinations,  eastern  Hcries:  results  forGioupI; 
(j roup  I. -Comparison  of  observed  and  computed  magnetic  declina 
tions;  results  for  (iroiip  I  continued;  Group  II  -  -Seiit-s  of  majtiietic 
stations  mainly  in  the  central  part  of  the  United  vStatCH  betwt'eu  the 
Ap|>al:ichi:m  and  Rock\  Mountain  ranges;  results  for  Group  II; 
Group  II. — Comparii>on  of  observed  and  computed  nia<;netic  deelina- 
tiouH;  results  Tor  Group  II  continued:  (rioup  1 11.— (Jollecthm  of 
n)a;:netic  declinations  from  the  eailieHt  to  the  pn'Mt-nt  time,  observed 
on  or  near  the  rai'ific  coast  of  the  United  Staler*  and  west  of  the 
Bncky  Mountains,  and  extending  over  the  re;:iiin  from  the  iHthnius 
of  Tehuantepec.  Mexico,  northward  to  Briini:  Strait  :ind  the  Arctic 
Oi'can,  coast  of  AluMka:  map  Hhowini!  isotonic  lines  for  the  year  I7K3, 
constructed  frtim  obHcrvations  made  by  Spani.sh  navi;;ators  between 
177t  and  1700,  San  Bias,  Mexico,  to  Vancouver  I.sland  :  results  for 
Gronp  1(1;  Group  111.— Comparison  of  observed  and  compntcd  niai:- 
netic  ileclinations:  Kra]»hical  illustration  of  the  secular  variation 
and  of  thu  annual  change  (plate  and  t^xt);  secular  variation  in  tho 
position  of  th(r  aconic  line  of  the  North  Atlantic  and  of  America 
fictween  the  epochs  15<K)  and  1900  A.  I).  (Iplaie);  platt^  showiuj; 
isoj;onic  ciirvfs  of  1700  to  HaO  A.  D. ;  progressive  change  in  tho 
secular  variation;  early  att«mi>tti  to  locate  the  North  Americau  lu^. 
netic  polo. 
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J  anbject'iHdex  to  the  prof ctniomil  jmprra  contained  in  the  annnaJ  report9,  etc. — Contiauod. 

TEKRESTRIAL  MAGNETLSM— Continued. 
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Subject  and  anthor. 


IRSO 


11       23:iOJ 


189U 


8       109  '.Ml 


1890 


1890 


1890 


9       243-457 


211-214 


12       C25-C8I 


The  <U8tribiition  or  the  maipietio  dAclination  in  the  United  Sutes  for  the 
epoch  of  1800. 
Tuble  ofcont^nt^:  lintof  illuntrHtionii:  introdnctioa ;  FHtronpective  Tiew 
of  work  done  by  the  CoMt  und  (roixletic  Survey  rolating  to  magnetic 
dfcliDatioDH ;  tneory  and  etftrt  of  local  dijiturbaflooa  in  the  dtatribu* 
lion  of  the  d^'liniition,  dip.  .ind  iiiteiieity;  collection  and  tabular  ar- 
mnicenient  of  niajsnetlc  dtr<rlinitiunR;  general  diatribntion  of  data  in 
the  Stateo.  Tt-rritorieit.  and  tithrr  ueofrraphioal  dirisionft  ;  table  of  ob- 
RcrviHl  deciinatiouB  and  valuen  rfduced  to  the  >  ear  1800  ;  conatmction 
of  theino^ouic  curvenforthe  Tnitt^d  Statea ' (exclaniTe  of  Alaaka) ; 
diMtribution  of  the  declination  in  AluBka  and  a4ja'rent  regions;  e«tab- 
linbnirnt  of  an  anal>tical  expreoMiou  for  the  diatribntion  in  Alaaka; 
ronntructioc  of  the  iao^ouio  ourvea  for  Alaska;  definition  of  mag- 
nctic  moiidinns  and  parallelii,  couHtrurtion  of  magnetic  iberidlaaa 
for  the  United  States  (exclunive  of  Alaska). 
HhMtrationn:  Plate  No. 24.  dlstarbod  iramagnetic  cnrvea:  Chart  No.  2fiti 
isotonic  cnrvcs  tor  the  Tcited  States  (exclusive  of  Aluska)  at  tiin 
cp<K;h  1R90  (January);  Chart  No. 20.  iaimonio  curves  for  Alaaka  and 
adjacent  parts,  with  annuHl  clianKe  of  the  declination,  for  1880 ;  Chart 
No.  27,  magnetic  mt^ridinnn  of  the  Tnited  States  (exclusive  of  Alaaka) 
and  annual  change  of  the  declination  for  the  epoch  of  1890. 

Tmrestrial  magnetism.— Resultafh>m  the  magnetic  observatory  of  theCoaat 
aiitl  Geodetic  Survey  at  Los  Angeles,  Cal.,  l>et  ween  the  yeara  1882  and 
18*«9. 
Pait  I.  Kesults  of  the  absolute  meaanrea  of  the  direction  and  intenalty  of 
tlie  e.irth's  magnetic  foice.— DiscusMiou  and  report  by  O.  A.  Schott, 
AsHiiitaiit. 
Part  II.  Kean  tn  of  tlie  differential  me.isnres  of  the  magnetic  declination, 
with  houily  re»li»ffs  of  the  uiiililar  traces.— By  Charlea  A,  Schott^ 
AHHintant.    (Nine  illnstrations.) 

Bulletin  No.  20.— The  magnetic  observations  made  on  Bering's  first  voyage 
to  the  coasts  of  Kamchatka  and  Kastem  Asia  in  the  yeara  1726  to 
17.30.— Diseussion  by  C.  A.  Si^hott,  Assistant 

Determinations  of  gravity  and  the  magnetic  elements  in  connection  with 
the  U.  S.  Soientitic  £x|HMlition  to  the  westiuiastof  Africa,  1880-1880.- 
A  report  by  K.  D.  Preston,  Aasistant.    (Eleven  illustrations.) 
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72-78     MiH'hnniinl  record  of  astronomical  observations  — O.  M.  Mitchel. 

Urvolviog  dii*k ;  arrangement  for  reoonling  differences  of  declination. 

137-145     Keport  on  a  new  methml  of  recording  ditfereiKMs  of  north  polar  diatanoea, 
I  or  declination,  l)y  electro-magnetism.— O.  M.  Mitchel. 

122-127  '  Solar  eclipHO,  May  26,  1854. 

,      Ol>A««i vat ioii.n  innde  at  Hrooklyn,  I^)ng  Inliind,  reporte<l  by  E.  Blunt;  at 
I  Seaton  st:ition.  WaHJiingt'on,  I).  C  bv  (\  O.  Boutelle;  at  Roslyn  ata* 

tion,  nenr  P«»terj»1>i:rg,  Va.,  by  L.  F.  I'ourtuleA :  Black  Mountain  ata- 
lion.  (;al.,  i)y  K.  1>.  (hittM ;  ltiiiiri:i,  Cal.,  by  Piof.  Jumea  Nooney ;  Hiiui> 
boldt  Bay,  ('al.,  1»>  G.  Davidson,  AHsistant. 

Star  catHloiineri.— C.  A.  Schott,  AsniHtant. 
C'omparisou  of  star  places  given  in  Kiimker's  and  the  Twelve-Tear  Cata- 
log iiea.— Table  I,  c-timparisou  of  ri;;ht  aKconnions;  Table  II,  of  north 
jiolar  diHtai:ces. 

Solar  ecHp«c,  Julv  18,  I860.— l*rof.  .Slejihen  Alexander. 

KcHultHof  tbcc'xpciiitionto  Aulezavik  Fnland,  Labrador,  to  observe  the  total 

eclipacof  thflSihof  July,  I860:  tabiilui  comparison  of  chronometcra ; 

arrangement  and  pmgraniuie :  descTiption  of  the  telescopes  employed ; 

HynopaiR  of  the  oitservatifiuA :  tiiiiea  of  contacts ;  same  in  local  mean 

time  (civil  reckoning):   other  olmnrvatious ;   reports  from  special 

parties:  earth  temperature  (A ulesavik) ;  atroospiiei ical  electnclly; 

K'.ebi:rg!<,  mirage,  etc.:  tri]>le  rainbow;  anroraa ;   t-able  of  locteoro* 

logical  oi>.HervatioiiH  nioile  during  the  hours  corresponding  to  Iho 

eclipse  at  Aulexavik.  from  Julv  1 1  to  July  23.  and  during  the  contlnu- 

I  ance  of  aurui  as  fn>u)  June  30  to  .Vuguat  (i ;  observations  with  Arnno'a 

j  polariticopc ;  report  of  photograplifrs;  changes  of  illnmiiiation ;  aea- 

I  nien'H    ol)MervHtiona :     winds:    magnetic   elements;    longitade   hf 

chrunuinctcrs.-  [Skoicli:  39.)  -  [Krrata  2^9.273:  1800,  p. xx.] 
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Aiubjrct-intlrxlothe iiroffttio«alpnpcr»eoHtaiHc(linlbcHniiHal  rfporti,elc. — Cuutinucd. 
AHTROXOMY— Ci.nl  iimed. 
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ulir  FcMnin  of  July  18,  lUO  ;  preUmlnirT ;  tabfa  of  mclearotajnaiil 
Dbi«rv>llon>  on  UnA  frnitix ;  liliiod*  aWmtlaDiii  tlms  Dbterra. 
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SoTar  Kllpae  of  J.iIt.  1KB.- Dr.  V.  A.Goobi.  AialaUnt 
Alial»ct  ofubxTvaiioDji  mads  at  Canilindgp,  Uaaa. 
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J »ubjecl-i»drjr  to  Ikt pro/t'iioHal piiprr*  foHtainrd  in  the aNnndl reporli,ele. — CoDliuBMl. 
ASTKOXOMY— Conliniied. 


tJatOd  ■»<'  •nIhoT. 


wllp»,  DFormhiT  a,  IS70.— Prof.  C.  H.  F.  Pvtsn. 


Jlor«rti  of  the  KfttfoaDnlcAl  mdiI  jdMMnttobrlul  obHm^Mq  nitfla  at  Shor- 
man,  Wvo.T— R.D.C0IU,  AialiUnt.aDd  Pnf.ClivlH  A.  Vuiinz. 
Put  I.  R'-iWTt  of  R  D.  CuIU  [dketch  Mo.  18  A]. 
IjitLuiai;  ■nd  iDDirltade  arSbsraui  tsmatrliJ  nucBetiun  ^  mcicer- 
oloer:  Tmbln  T.  dUTiienne  of  mdlngor  obnrrrri^  Tkbl*  II.  ititw 
neanc  dlitgraiu  It  TaUa  III.  boarly  mMoK ;  dlaKiaiD  :i;  T»b1i  IT, 
iKForLi  niFUiiii  uicrald  taraniileri  wlw  ndiaUon  ;  T^blsT,  unuuit 
of  aDlar  ndUlhniT  TaU«  VI.  bUt  ndiatloB^  nllitiKlF  of  Uw  •bb; 
*tai<.i>iilierleeI«.'IrkllT;dIiunmi  Tkbia  Till,  litltudsof  tboutn. 
nnmlal  atuloui  apfrit  lavrH  bumneMci  TibIwlX.X,  XI,  bamofr 
THiJDt  appBrMnai  Table  Xll,  lampanlDra  of  bollloR  wiiMr  M  Sbiv. 
mm:  XalUaXIII,  beitriit  dTLook'i  Peak,  eta.;  Rbnwui,  Ita Mmoa- 

ShiirB  anil  cllnat*!  inetMriilaEliwI  Jonraal. 
r.  Report  afPni.  U.  A.  Toune. 
tipeoiramsrUiBBliroinQnibEnj  luIalDEatef  brLjiht  lloBala  (hsapwirniu 
of  the  cbroniiMphere.  IH73:  table  ■howlni  liiu  namWi  if  culnl1ld«D(^g■ 
bptttccD  the  bdjFht  Ddu  abi«rT«l  In  'he  apertriiDi  of  tbr  rhrono- 
aphrnand  thoag  b  tim  iiwtrqm  of  the  cbBinfc*!  eleniMiM:  ■pMlraof 

W  luUft:  «dlar  fruptiona  and  olbfr  diatQrbaD<si.i. 

Ainvinnimleal  nbiarrallnDH  on  tbo  Sitnt  !Navada.— CieorEe  DnidsoB,  Aa- 

Dcaerintlunof  thi-xonDfry  nillacnitM  thn  ■UlioaatSDmnitt;  tba  ollmala 
IT  okinrvlDK;  Iha  obaarTaUonai  Fotaiii.  Satan. 
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ASTRONOMY— Continued. 


Year. 


1882 


1883 


Ag|^. 


Sabject  and  author. 


21       469^02 


15 


3G9-370 


1883 


IG       :i7I  -378 


eclipse;  steadiheM  of  limb  of  San;  obaervAtion  of  fimt  contact;  dia* 
appearance  of  the  umbne ;  sharpneea  of  Sun's  ousps ;  apparently 
doubled  by  atmonpheric  disturbance ;  duplication  of  cusp,  shown  by 
Fig.  1 ;  difference  in  the  darkness  of  sky  a(\jacent  to  Sun's  disk ; 
sharpness  of  cusps  50  minutes  after  commencement ;  one  hour  after 
commencement  liirib  of  Moon  steady  enouch  to  see  lunar  roonntaina 
near  apparent  riffht  cusp,  Fie.  2:  irre^arities  of  lunar  outline; 
atmospnere  sliKlitfy  disturbed  by  cirrus  clouds  toward  totality  ;  long 
and  naiTiiw  crescent  of  suulight  as  totality  rapidly  approaches, 
illustrated  by  Fi^.  3 ;  no  distortion  from  atmospheric  disturbances ; 
only  slijzht  shivering :  cusps  very  sharp ;  last  Hue  of  suulleht  first 
broken  by  the  lunar  mountains:  absence  of  "Bailey's  beads;"  col- 
ored glass  used  in  observing  contact;  on  account  of  small  diameter  uf 
cone,  the  brightness  of  corona,  and  the  effect  of  cirrus  clouds,  sky  too 
bright  to  see  any  stars  or  small  planets;  studv  of  rose-colored  flames 
and  first  circle  of  bright  light;  lig.  4,  corona  tikctched;  shape  of  bril- 
liant rose-eolore<l  flames ;  nrightncss  of  first  coneentric  ring  of  white 
light;  second  and  fainter  concentric  ring ;  sketch  of  corona  immedi- 
ately after  totality ;  agreement  of  outline  and  general  features,  aa 
noted  bv  different  observers;  rapid  change  in  appearance  of  corona, 
aa  noted  by  some  of  the  observers;  thini  contact  observed;  shadow 
of  total  phase  seen  on  ocean  before  totality ;  sha<le  of  retreating  cone 
seen  on  sky  after  totality,  but  no  shadow  seen  on  the  dark  moun- 
tains; cloiids  interfere  and  fourth  contact  unsatisfactorily  observed ; 
table  giving  times  of  contacts,  as  noted  by  dlflcreut  observers;  tem> 
perature  and  barometric  readings:  Jupiter  and  Mara  seen  before 
totality;  no  stars  seen:  limits  of  the  southern  line  of  totality; 
eclipse  observed  by  Dr.  Elsen,  at  Borden,  on  Southera  Pacific  Rail- 
road!: exti-act  from  his  report,  with  sketch,  Fig.  A;  Mr.  Moore,  at 
San  Eafael,  sees  irridescent  colon  at  pat  t  of  Sun  first  touched  by 
Moon;  eclipse  of  1869.  in  Alaska,  contrasted  with  eclipse  of  1880.  in 
California ;  confirmation  of  tlieory  that  "Bailey's  beads,"  "liga- 
ment." and  "black  drop"  are  duo  to  atmospheiic  disturbances; 
zodiacal  light  observer!  at  Mount  Santa  Lucia;  geographical  position 
of  station. — [Illustrations  51, 52.  J 

A  new  reduction  of  LaCaille's  observations,  made  at  the  Cape  of  Good  Hope 
betwet^n  1749  and  1757,  and  given  in  his  "Astronomia>  Fundameuta," 
together  with  acomparison  of  the  results  with  the  " Bradley- Bessel** 
"  Fundamenta ; "  also,  a  catalogue  of  the  places  of  150  stars  south  of 
declination  —  dfP,  for  the  epochs  1750  and  1830.— By  C.  R  Powalky, 
Ph.  D. 
Prefatory  note  by  J.  £.  Hilgard  ;  preface  ;  introduction  ;  examples  of  ob- 
servations with  a  next  ant  at  Parin ;  Table  I,  right  ascensions ;  Table 
11, declinations;  Table  III,  declinHtiuns  continued;  Table  llla, dec- 
linations, with  sector,  nt  Paris,  continued;  Table  IV,  declinations, 
with  sextant  at  the  Cape  compare<l  with  La  Caille  in  his  "Astro* 
nomio)  Fundamenta;"  Table  I Va,  sextant  at  the  Cape;  Table  IV/>, 
sector  at  the  Cape ;  Table  V,  mean  declination  for  1750  (corrected) ; 
results  compared  ;  Table  VI,  catalogue  of  1.50  fixed  stars,  south  of  ZIP 
declination,  from  La  Cai lie's  obHcivatious  at  the  Cape  of  Good  Hope, 
in  his  "Astronomia^  Fundamenta"  for  1750.0  and  ror  1830.0,  without 
regard  to  proper  motions;  report  on  tlie  preceding  reduction  of  La 
Caiile's  observations  by  Prof.  C.  H.  F.  Peters. 

The  transit  of  Mercury  of  November  7, 1831,  as  observed  at  Yolo  Base,  Cali- 
fornia.— By  George  Davidson  and  J.  J.  Gilbert,  Asaistants. 
Point  of  observation  ;  instruments  used ;  geographicsl  position  of  station; 
firat  contact  lost ;  observed  time  of  second  contact ;  eatimated  time 
when  the  planet  was  one  diameter  on  sun's  disk ;  appearance  of 
planet  when  on  face  of  the  sun  ;  observations  of  error  of  cnronometer 
with  sextant ;  observation  of  transit  at  Middle  Base  Camp  ;  instru- 
ments and  oi>server:  geographical  position  of  station;  observed  time 
when  planet  one  fifth  diameter  on  sun ;  observed  time  of  second  con- 
tact ;  error  of  watch  from  sextant  observations ;  remarks ;  condition 
of  atmosphere  at  time  of  transit ;  topography  of  anrronnding  country ; 
sun's  disk,  at  time  of  ingress,  not  sharp  at  first  station ;  "black  liga- 
ment," "  black  drop.'' eto.,  seen;  not  seen  at  second  station:  close- 
neas  of  two  observed  times ;  atmospheric  disturbances  ;  similar  dis- 
turbances of  signals  in  the  daytime  observations  of  geodetic  work ; 
intenHo  blackness  of  planet's  disk;  problematical  planet  Vulcan 
ahftuld  have  been  seen  if  it  existed;  time  and  geographical  positions 
determined  by  Mr.  Hili. 

Observations  of  the  transit  of  Venua  of  December  8, 1882,  at  Washington,  D. 
C,  at  Tepnsquet  Station.  California,  and  at  Leliman'a  Ranch,  Neva* 
da.— Loeatiou  of  ntation  at  Washington ;  instniments  and  observers ; 
first  external  contact ;  first  internal  contact ;  second  internal  coil- 
taut;  the  last  contact;  error  of  chronometer,  froia^%:««!k.^pMMr«%^«R:^ 
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.tunhjitt  iHtUj  tv  the pnjf* Hhional papi rn i o»'itin*d  in  Ihr  tinunnl  npifrtf^ctc. — Continued. 

ASTKONOMV— <c,iiliini«.rl. 


Year,  ^i;}^"-     P.Kt^. 


Snhjoct  and  author. 


1886 


]l>88 
1889 


tiiuf-liall.— CliHrlpit  A.  Srliott.  Aj««!9iaDt:    J.  G.  Porter.  Comiinter. 
CttAtt  and  t;i><Ml(-tir  Survey. 
01fActv;iti>iii4  b\    It.  A.  ColoiiiM,  An-tNiant :  ]>r«.>fAtory  n^inarlm;  in«tni- 
inont-*  ff>r  tirni*  and  fur  nbrtfrvatioii :  roiupuriinn  itf  tinM'pirce^-.  timi 
cxti-iiial  coiiiiict:  nntf:   hec<iud  int«'rii»r  cuniart:   uote:  a«cond  ex- 

M'TUH  40lilari  :  no!  p. 

Mr.  P.  A.  Wflki-r'ii  ob^r-r  vat  ions  of  iliini  Hod  finirili  contartN  at  atation 
Tf-iinmiitt-r,  <'»).:  utation:  obnervir:  iii>«iniuii*ntf* ;  niitiin*-^  vtry 
hIiuiii  and  di-tinrt :  obiirrvf-d  tiim-A  nf  thini  and  fmirtii  ronta<*l«: 
hourly  latf  ot  chruuometor. — Kc}K)rt(:d  by  JaiueA  S.  I^waon,  Am- 
nintant. 

At«?>i<<i.'iiit  EiiulKT.k'n  obnervatioDii  of  third  and  tourili  contacti*  at  T^h- 
miin'/*  Jkunrh,  Vorada.— (fO<izra|diic;il  po«:|i(»n  ol  MfatHin  :  innliuiiient 
iimmI  .  iiMno-tjiln'rH'  c«:u<:iliuii:«:  nbM-rvtid  timeof  thinl  and  fourth  ron- 
tacts:  rhnmonu'tf-r  n««-d  and  iiji  (.-rror.-i:  methotl  nf  obiieivin;::  do 
•'  black  drop""  fwn:  cuntac-tM  well  oliac-r^od  :  defrrtivi-  arran}!mi*-ut 
fur  M-ifi  u=nt!  down  riun'if  cxce.s-ivc  li'.!ht:  (-(inijMri.Min  nf  climiionif- 
font:  Mr  Marr'B  re»>ultA  comparcl  wiih  .Mr.  Kinib«-ok'A :  no  diday  in 
theri":;n'iar  work  oltho  Survi-^-.— \Villi;tm  Kiiub*^ck.  A.tjiiAlant. 

Mr.  MaiT'H  ol'HcrvationK  of  thiid  and  fnurth  ronl.itt;*.— Inittiiimoiit  use<l ; 
atuHMfdH  n* ;  olirtervL'd  tinit*  of  third  rotitMct :  fdiiw-rved  lime  of  ap|ia- 
riDt  iiiid'ih*  of  fdaui-t:  obHcrvrd  time  uf  fourth  cuudct :  app(fan«uce 
of  8nn  and  planet. — K.  A.  Marr.  Aid. 

Fi«-Id  ratalo^uc  of  1278  time  and  circiini|K>1ar  starH—  mean  placen  for  1885  0. — 
D}-  Geori;e  Davidbon.  Amistant. 

Thi*  Holar  (annular)  eclipAs  of  March  .'S  1880.— Report e<l  by  Gr-or|;e  David- 
Hon,  A^Hiflfant. 
Prtrfiitorv  lotti>r ;  obxrrv.itinnit  niaile  at  tho  Coa«tt  and  (te«>di>tir  Surv<>y  atn- 
tion.  Latti.^  i-tte  Park.  San  Franc iMCo.  Cal.,  and  at  f  hi*  DaridHon  Olisrrv- 
atory  :  obwrvations  of  tir^tt  and  Aecond  contat  tn  :  imitniueiita  and 
obaiiVvcrs. 

13       iG5  t7<)     Diflerential  UH'thtNl  of  conipiitinir  tho  apparent  jilaceH  of  iitDr«  for d«ti'Tniina> 

tlonh  of  latitude.  —  I ty  K.  i).  Preston,  A^niAtant. 


18 
C 


3M-I71 


153 


151 -1M 


Bulletin  No.  14. — Ap]iroxiiniito  tiineM  of  rnlniinati'in'*  and  elonizntinna  and 
of  the  azimuiliM  at  elongation  of  Polaris  lor  the  years  bet  vrecn 


and  1010. 


188J 


MATITKMATICS. 


1854 


33 


18.M 
I8.-»5 

laon 

1800 ; 

I 

I 
1800 

ih;4  ' 

1861 


I 


40 
59 


36 

37  ! 
13 

1!1 


41        131  138 


C3-95  ;  Conipntation  of  trian;;ulatlon.— Comparinon  of  the  reduction  of  horixontal 
;Mi;;le««  liy  the  mrthod*  of  •*  dependi-nt  dlrei'tions"  and  of  "  depend* 
••ni  angular  iiuiintities"  by  tnt*  method  of  leant  Mquarea. — A.  1). 
n.'jr-.hf. 
fSkctcJi  58  !- 1  Knat.i.  65.  70, 72,  75,  78.  79. 91. 94 :  18:>3,  p.  xix.] 
AdJiiMtmoni  of  hoii/.<ml»l  anch'A  of  a  tHniif;ulat;on.  Probable  error  of 
nlii««  rvatiiui,  dt  lived  from  observationH  of  hoiimntid  an^lea  at  any 
hin;:h-  .ttation  and  depending!  on  directions.  -C  A.  S<-hotr. 

Report  contain  ing  dinrtionn  and  tableh  ft  r  the  uho  of  Piirro'a  crileriou  for 
the  rcffetion  of  doubtful  observations. — B.  A.  Gould. 
I      iP:rrat:i,  p.  i.V.l 

255  264  ■  Normal  eijnatlonn.-  C.  A.Schott. 

Solution  of  nurnial  e<]uati<>iiH  by  indirect  elimination. 

.107-308     Pn»babli.«  irrcir.    Article  from  "AstronomiRrho  Nachrirht4»n,  No.  1634,"  traiia- 
l«t*d  by  C.  A.Si'hott. 
Dcterni illation  of  the  probable  error  of  an  obnrrvHtion  by  the  difliM^nceft 
of  t];e  obftei  \  :itioiis  fruin  their  arithnieiieal  mean. 

361-301      Foiiiiuhr-  for  r-onij)Utiii;r  IatitiideH,l(in^itudt<«, and  axiuiuth^, with  an  «>xain- 
idf  as  used  III  tiie  Ooast  Survey  OiHee.  iiiid  tableH  for  each  nilautc  of 

!  lf«t it uili*  Innii  JIP  to  j'.O'^. 

302  396     C'aiH'h> '.-  iiii€rp..I.itiiin  fomiul;»- :  \\ith  remarks  by  C  A.Srhott. 

116  119     Probli  ni  ill  ;:eiM!i>M'.— Di-teiminini;  a  piMilion  by  aiiirli-s  olmnrve*!  from  it  on 
I  aii>  nuiiibi-r  of  MtalioiiH.     Solution  oi  (laiMH,  with  example,  cuinniu- 

nicated  hy  (.'.  A.  Schott. 

I 

220-2J2     Trajectory  of  ricochet  Hhota  from  a  15  inch  Kodman  ffun;  notes  OB.— </.A. 
i  Schutt. 
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.1  suhjcct-'mdex  to  the  pi-of (fusion a1  papers  coutahiediu  the  annual  rcportSj  etc, — Continued. 

MATHEMATICS— Ooutinned. 


Year.  '^SR?" 


I 


dix. 


18G4 
1609 

1870 
1875 


1876 
1870 
1E81 
1882 

1884 


18f5 

1888 
1800 


22 

H 

21 
19 


6 
14 


7 


Pagefl. 


15 
13 
13 


Sabject  and  author. 


223 
235 

200-224 
315-368 


81 

197-201 

26 

i-xiv 

1-247 
I- 

323-375 


503-508 
465-470 
685-687 


Raof^eg  of  shot  from  15  and  20  inch  gnna,  deteriuinatiou  of,  by  C.  A.  Sohott. 

Solution  of  the  threo  point  pi-oblero,  by  dotemiiuing  the  point'of  inr^rmHstiou 
of  a  side  of  the  given  trian<;Ie  wiUi  a  Huo  from  tne  opposite  point  to 
the  unknown  point.— A.  Lindcukohl. 

On  the  theory  of  errors  of  observations.— C.  8.  Peiroe. 

FormulflB  and  faoton  for  the  compiitstion  of  geodetic  latitudes,  longitudes, 
and  aziniuths. 
(Errata,  pp.  316, 317, 318, 367.)  Fig.  1.  L,  M.  Z,  forms  for  primary  and  secon- 
dary tri:ingnIation, and  inverse  solution:  tables  of  factors  lug  A,  log 
li,  log  C.  log  D,  log  E :  tabl«  of  cori-ection  to  longitude  for  ditlereuot* 

In  arc  and  sino;  volueaof  log  —    i\;  j^:  table  for  r-ferring  values  of 

coeflicients  A,  B,  C,  D,  E.  from  Brnsel's  to  Clarke's  ellipHoid  :  table  of 
log  F :  auxiliary  tables  for  converting  srca  of  the  BesseiollipKoidinlu 
arcs  of  the  Clnfko  ellipsoid;  formuhe  aod  table  for  compuiiug  the 
spherical  excess  of  a  triangle ;  table  of  log  in. 

A  now  s3'stem  of  Biuary  AritJinietic.— Benjamin  Peiice. 

Note  on  the  theory  of  the  economy  of  research. — C.  S.  Peirce. 

General  properties  of  the  equations  of  steady  motion.— By  Thomas  Craig. 

A  Treatise  on  Projections.    Part  I— Mathematical  Theory  of  )*roJections. 
Part  II— fJonstruction  of  Projections.— By  Thomas  Craig. 
[Treasury  Depaitment,  Document  No.  61,  Coast  and  Geo<letic  Survey.] 

Formula*  and  factors  for  the  computation  of  geodetic  latitudes,  longitudes, 
and  axinuiths  (third  editiou). 
Prefatory  remarks;  direct  and  indirect  methods;  Bessel's  and  Puissaut's 
HoliitionH;.  formnhe  for  dL,  rfM,  and  dZ,  discuMsed  and  oatabliidud: 
example  of  L.  M.  Z  for  primary  trinn^ulation:  example  of  L,  M.  Z 
for  Hubordinntc  trinugulation ;  the  inverne  problem:  L,  M,  Z,  form 
for  inverse  solution:  log  factors  A ,  B,  <-,  D,  and  E.  between  latitudes 
23^^  and  6^°,  based  on  tho  <'larko  spheroid  of  1806;  table  of  correc- 
tions to  longitude  for  differences  iu  arc  and  sine ;  table  of  values  of 

'®^coj»  kd  L'  ^^^^^  ®^  '"S  ^'   formula  and  table  for  computing  the 
spherical  excess  of  triangle.^,  based  on  the  Clarke  spheroid  of  1866. 

Note  on  a  device  for  abbreviating  time  reductions. — By  Charles  S.  Peiroe, 
As.tistunt. 

Difi'erential  method  of  computing  the  apparent  places  of  stars  for  determina* 
tious  of  latitude— By  £.  D.  Pre.-^ton,  Assistant. 

On  an  approximate  methtKl  of  deducing  probable  error. — By  C.  II.  Knmmoll, 
(Computing  Division. 

On  the  determination  by  least  squares  of  the  relation  between  two  varia- 
bles, etc.— By  Prof.  Mansfield  Merriman,  late  Acting  Assistant. 


DRAWING,  ENGRAVING,  AND  ELECTROTYPING. 


1851 

55 

1852 

21 

18)3 

36 

1854 

31 

1854 

50 

1854 


1856 


57 


61 


541-553     Electrntyp'ug  operations  of  the  Coast  Survey. — G.  Math  tot. 

AdhsMion  of  deposit  to  matrix  ;  actions  in  the  electrolytic  solution;  labora- 
tory-apparatus; manipulation. — [Sketch  58: J 

108-111     On  lithographic-transfer  printing.— MsJ.  1. 1.  Stevens,  U.  S.  Engineers. 

00-93     Notes  on  lithography  and  lithographic  transfer.— Lieut^  E.  B.  Hunt,  U.  S. 
Engineers. 

54-57     On  electrotype  operations  and  chemiglyphic  experiments. — G.  Mathiot. 

193-201  ,  Mathiot's  stdfsustaining  battery.— G.  Mathiot 

Its  priuciido.H  and  workings.  -  (Errata,  pp.  194, 198 ;  1855,  p.  xiz.] 

201-212     Art  and  practice  of  engraving.— Lieut.  E.  B.  Ilnnt^  U.  S.  Engineers. 

Coast  Survey  engraving:  its  office,  organisation,  and  history.— (Errata,  p. 
204;  te€  Index  of  errata.], 

3CG-368  I  Galvanic  experiment— G.  Mathiot 

Time  required  to  prodoce  the  maiimam  intensity  of  a  voltalo  oare«<D^ 
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A iuhjtct-lndrxii)  thr profrHsionaJ pupcrrt  conlaiHrd  in  the  annual  repoiifi,  etc, — Contiuned. 
DRAWING,  EN(iRAVlNO,  AND  ELECTRUTYPINC J— Contiuned. 


ApiMD- 


18ft5 


J8:>5 
1H5C 
]8tK) 


1860 
18G1 

1862 
1863 
1866 


1867 

1875 
1879 

1K81  i 

1883 


62 
63 
62 
20 


40 
15 

27 

24 

{ 

20  ' 


0 

11 


U 


i'agea. 


3G<J 


Subject  and  author. 


Klcctrotype  art.— Q.  Mathiot^ 
Impn>veil  nirthutl  for  joining  detachAd  platan  by  electrutypiax. 


37u-37;i  i  Mntliiot'H  Iminrli  circuit  galvau<imi-tei-. — (i.  Mathiot. 

I      Oil  a  UK  tlitid  uf  inviisiiriuf;  i^ulvauic  cuirt^uta  of  great  quantity. 


316-317 
216-229 


398-309 
180  181 

255 
206  207 
130-138 

55-56 


Elertr(it\  pen.— O.  Matlilot. 
On  the  rvHiiltof  i:\|H^riineutR  luuduin  printing  from  thin  plat 

T«ipo^raphien]  and  hvdrograpliical  deli iioat inns. — H.  L.  WbitinK,  AaaiatAot. 
On  th<>  Cdutmirinu  and  r«>diirtion  of  niaim:  on  tlie  wale  of  nhatl««,ajid  on 
ttie  application  of  phototziaphy  in  ]»n*iNiring  detaiU  for  the  «n|cimTer; 
(1)  gfutTulization  of  C4Mit<iiir  and  other  natural  foatnrea  for  reduction 
to  1-  80,000  contour ;  Halt  niHTHli ;  Hand  beaclftea  and  aand  hilli;  wooda  ; 
fkcab  niarHh:  aliore  lino :  low  wator;  (2)  hydrugmphic  redactiooN; 
(3)  rvductionB  bv  phologiaphy;  (4)  acalo  of  ahadea;  report  of  K. 
UtTgeHhfinier,  AaBistant. 

Div'derH  for  tidal  curi  oh. 
Di'Hcriptiou  of  form  iuveuted  by  J.  K.  UilUsa  for  graphical  deeompoai- 
tion.H!^kc-tch40.] 

Drawing  pa)>or. 
lieaulta  of  experiments  made  on  the  rolative  expanalon  and  contrautlon, 
under  aimospheric  chansoit,  of  parchment  paper  and  backed  anti- 
quarian paper.-  [Sketch  31.] 

Drawing  iwpor  teHted  with  reference  to  oxpanaion  and  contraction  under 
atnuMipherie  changes. 


liarriHon  globe  leuH  — J.  E.  Hilgard,  AMtiintaut,  in  charge  of  the  Ottlee. 
On  teHia  made  at  the  Coaat  Survey  Ottlcc. 

Electiotypin^  operntionn.— (r.  Mathiot. 
llirttorical:  HtilieHion  of  deposit  to  nialrix;  time  and  expenae  of  electro- 
caating;  aoliona  in  the  eleclrol^'tic  solution;  laboratory  apparatU'*; 
niHuipuiutiou. 

The  pantograph:  ita  uhu  in  engraving.— E.  Ucrgeaheinier,  Aaaiatanl.— 

[Sketch  27.] 


87  i  Keport  upon  electrot>plng  and  photographing. — Dr.  A.  Zumbrock. 

I 
191  I  Preparation  of  standard  tofiographica]  drawings.-  -E.  liergeaheimer,  Aaaiat- 
I  ant.— iriutiH42  to49.j 

124-125     Type  forms  of  topography,  Columbia  Kiv«>r.— Ky  E.  Horgesheimer,  Aaaiat- 
ant— LIlluMtratiou  33. J     (Sfe  Topography.) 

307-368     Report  on  the  invpnratiou  of  at^iudard  toiK>graphic4il  drawings. — Hy  B.  Her- 
gesheimer.  Assistant.— [lUuMtratious  35-50. |    (Het  Topography.) 


MISCELLANEOUS. 


1817 


1851 
1K66 


1853 
1853 


1854 


10 
10 


18 


35 


55 


An  account  of  ]).vroii)rtrir  oxi>eriment8  made  at  Newark,  N.  J.— F.R.  Haas 
ler,  Supntiitendtnt. 
[Trausactiona  American  Philosophical  Society.    New  Serioa,  VoL  I,  pp. 
210-227.) 

f .  Florida  reufs,  keys,  and  coast. — Prof.  Lonis  Agaasiz. 
145-160  j  I      Topography  oi'  Florida;  mode  of  formation  of  the  reef;  animal  life;  the 
120-130)1  keys ;  coral  reef H  :  nhip  channel;  the  mainland;  coast  survey;  phya- 

ica'l  chuDges  iu  the  (iulf  Stream :  changes  iu  ages  to  come. 


f    I 


60,61  j  Climate,  soil,  and  general  character  of  Fh>rida  Keys.— Lieut.  James  Totten. 
tJ.S.  A  run. 


80 


192 


Boiler  incrustation. — J.  Ilewston.Jr. 
Analysis  o(  two sp< cinnns of  deposit  from  the  boiler  of  the  (!uMt  Sairej 
steamer  Uetzel. 

On  the  action  of  aeu-wati-r  on  metals. — J.  E.  llilgartl,  Assistant 
On  t lie  action  of  sea  water  on  metals  used  in  the  oonatmction  of  inetni- 
nieuts.  and  on  niu;>uelic  uee<lleH -.  I'hienix  disaiiter.— iKnAtfti  p.  lOGK, 
5  from  bottom,  woiil  9,  rtad  presence.] 


■  -.1 


REPORT   FOR   1891 — PART   II. 


439 


A  subject-index  to  the  professional  papers  contained  in  the  annual  reports^  etc, — Coutiuued. 

MISCELLANEOUS— Continued. 


,  Yeur. 


1855 

1856 
1856 

1856 
1858 


1858 

1860 
1862 

1867 

1870 
1872 

1873 
1874 

1876 
1879 

1870 
1880 


1880 
1884 
1885 


^si;^' 


26 

63 
64 


70 
40 


41 

42 
25 

17 

19 
11 


13 

13 
12 


PagM. 


176-185 

317-318 
318-319 


835-340 
251-270 


270-273 

402-408 
241-248 

183-186 

182-189 
213-221 


148-151 


Subject  and  autbor. 


Deacriptive  report  of  localitiea  on  tbo  weaterit  coast,  from  tho  nortli  end  of 
Aoaario  Strait.  \Vaabin((ton  Territory,  tu  tbo  sontbom  boundary  of 
California.— G.  Davidson,  Assistant. 

Analysis  of  sea  wat4»r.-Cbemioal  analysis  of  the  water  of  New  York  Har- 
bor.—Prof.  Wolcott  Glbba. 

Analysis  of  sands  from  base-sites  near  east  and  south  coasts  of  Florida.— 
Prof.  Wolcott  <»ibb«. 
Examination  of  speciuions  of  sand  taken  from  the  baae-sitea  at  Cape 
Florida  and  Cfapo  Sable. 

Coast  Survey  steamer  Qetzel.— Beport  on  cause  of  l>oiler  explosion. — 
[Sketch  67.  J 

Foreisn  i;eodetic  surreys.— Prof.  W.  P.  Trowbrid|];e,  Assistant. 
Review  showing  their  ooat  and  progrew,  and  other  data,  for  comparison 
with  the  results  of  the  United  States  Const  Survey;  trigonometrical 
surveys  of  Knglaud,  Ireland,  and  Sooilimd:  hydrography  of  Eng- 
land ;  analysis  of  the  report  of  the  select  committH>e  appointed  to  con- 
sider the  ordnance  survey  of  Scotland,  (*tc.,  1856:  France;  India; 
Russia;  Prussia;  tableof  statistics  of  toi^OKiaphical  maps  in  Europe; 
reoapitulati(m ;  marine  disasters— United  States  vessels,  ^856, 1856, 
and  1857;  importa,  exports,  tonnage,  etc. ;  (Jlreat  Britain,  1852  to  1855; 
Gulf  of  Mexico  shipping ;  Florida  reef. 

Progress  of  the  United  States  Coast  Survey.— Prof.  W.  P.  Trowbridge,  As- 
sistant. 
Ratio  of  results  for  consecutive  periods  of  twelve  years. 

Geology  of  the  coast  of  Labrador.— Not(4  by  0.  M.  Lieber. 

Florida  reef:  ita  origin,  growth,  substructure,  and  chronology.— Capt.  E.  B. 
Hunt,  U.  S.  Engineers. 

Geological  and  zoological  researches ;  their  relation  and  general  intoresta 
in  the  dovelopmoiitof  04>aHt  features.— Prof.  Louis  Agassis. 

On  the  phosphate  beds  of  South  Carolina.— Prof.  N.S.  Shaler. 

Voyage  of  the  steamer  Ilssslcr  from  Boston  to  San  Francisco.— L.  F.  Pour- 
tales,  Assistant. 

On  the  air  contained  in  sea  water.  —Oscar  Jacobsen. 

Economy  in  coal,  aa  exemplitied  by  tlio  action  of  compound  engines  in  the 
steamer  Haasler.— (.harlfs  E.  Emery. 
General  deacription  of  the  Uassler. 


102-196  I  On  marine  governors. — Charles  E.  Emery. 

192-198     Reconstruction  of  the  dividing  engine  of  the  Coast  and  Geodetic  Surrey.— 
G.  N.  Saegmiiller. 
Table  of  corrected  screw  readings  for  every  degree:   Table  I,  residual 
errors  of  graduation  of  theodolites  Nos.  5,  118, 133 ;  Table  II. 


14  201 

12       145  171 


8       :i77-385 
11       483-485 


Internal  constitution  of  the  eai  th. — Benjamin  Peirce. 

Blue  clav  of  the  Mia^irtsippi  Kivl^r. — George  Little. 
List  of  authorities:  geolo;;ical  history  of  the  Mississippi  River;  aouthem 
drift:  bltitt*  or  lueas ;  ItNtss  or  loam;  the  Mississippi  bottoms;  Port 
Hudson;  water;  soils  I  to  V,  analysis;  summsry;  sections  1  tu44; 
formations,  suctions,  and  localities  tabulated. — [Sketch  No.  48. J 

On  steady  motion  iu  an  incompressible  viscous  fluid— Thomas  Craig. 

The  run  of  tho  micrometer. — By  George  Davidson,  Assistant. 

A  plea  for  a  light  on  St.  Georges  Bank.— By  Uenry  Mitchell,  Assistant 
Exact  position  unknown  in  early  times;  position  now  accurately  known, 
but  unmarked ;  its  position  witn  reference  to  important  surrounding 
points;  benefit  to  be  derived  by  European  commerce  and  that  of 
New  York,  New  England,  and  Kew  Brunswick  ftx>m  light-house; 
size  of  the  fl«)hing  fleet  on  and  crossing  the  Bank;  importance  of 
light  and  horn  us  a  guide  to  this  fleet:  great  loss  of  life  and  vessels 
under  proMeut  conditions;  shoal  directly  on  shortest  route  fn»ni  New 
York  to  British  Channel,  and  near  routes  of  ocean  commerce  of 
Massachusetts  liay  and  Bajr  of  Fundy ;  fishing  fleet  dolayeci  for  want 
of  signal;  loss  of  largest  privateer  of  1812  (the  Dart)  on  St.  Georgea ; 
suggestion  thai  memorial  be  erected  in  shape  of  lighthouse. 
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III. 

ninLIOanAPnT  (a);  statistics  (/*);  OFFICTAL  nKPOBTS  OF  EXPFXDf- 
TVin:s  ASU  of  PKUSOSS  F.MPLOYFI)  (c);  TAItFLAH  STATIC MESTS  OF 
JNFffTiMATIOX  FCIiMSUhl)  (d)]  AySlAL  REVOKTS  OF  OFFICE  OPKliA- 
TlOyS(e),  AXn  NECROLOtiY  (f), 

Illfi.  niHUOOKAPITY. 
U.  S.  COAST  AND  GEODKTir  SURVEY. 

Under  this  lieadin^^  (IHa)  tlie  titles  of  papers  and  dorninents  dating 
from  the  incei)tion  of  the  Coast  Survey  until  the  year  1858  are  taken 
for  the  most  pait  from  o  collection  of  Const  Survey  ])ani])hlets  bound 
together  in  one  volume,  and  now  in  the  possession  of  one  of  the  com- 
l)ilers  of  this  Api)endix. 


Yfliir  of 

piiblioa- 

tion. 


1807 


1843 


]81i 


184fi 


1845 


1845 


18*7 
18  n 

181R 
1848 


Title. 


Circular  of  the  Scrrotary  of  the  Treasury  (Albr-rt 
Gallatin)  in  relation  to  a  plan  for  exoriitin:;  the 
f)iir\'ey  of  the  coast,  addrewcd  to  Mr.  Hai«(»ler,  nt 
Philaaclphia,  from  the  Treasury  Dopartmeut, 
March  25, 1807. 

Laws  of  1807, 1832,  and  1843  mlatinK  to  tho  Siirrt^y 
of  the  Coast  of  the  United  States,  with  the  plan 
of  ro-OFj^anization  of  1843,  and  re;;iiIationM  by  thti 
TreAsury  Department. 

Coast  Surve}'.— Comninnicalion  from  the  Soorc- 
tarv  of  the  Tr«'a«nry  to  the  Cuniniittee  of  Ways 
ana  Means  relative  to  tho  CnaHt  Survev 

March  9, 1844.— Kead  and  laid  upon  th'>  table. 

The  Coost  Survoy  of  tho  United  Stat<>H.— From 
the  American  Journal  i>f  Science.    Vol.  XLIX. 


The  Coast  Survey.— An  article  from  tho  Prince- 
ton Review  for  April.  1845.  IJv  Joseph  Henry, 
LL.l) ,  HrofiSHor»»f  Natural  Philosophy  in  the 
C«dli«j;e  of  Now  Jersey. 

llonort  on  re-orpanization  of  Coast  Survey.— By 
tho  Sfcrctary  of  the  Trea.sury.  TransTniltiut; 
Joiirual  of  Board  appointed  by  the  President  to 
pre]>are  plans  fur  cxecutiu<;  tho  work  of  the  Sur- 
vey.   February  28, 1845. 

The  U.  S.  Coast  Survey.— An  article  by  C.  F.  Hoff- 
man. e<litor  of  the  Literary  World. 

lioview  of  the  annual  report  on  the  V.  S.  C^ast 
Survoy.—FronitheAmoiicanJourualof  Science 
and  Arts.    (Second  series.) 

Notes  on  the  organization  of  the  Coast  Survey. 

Report  on  appropriations  for  Coast  Survey.— Ry 
the  Si'cretary  of  the  Treasury.  R<'SiK)ni«>  t<) 
Senate  resolution.  Staleni«>ntof  annual  amount 
ajipropriated  from  cumnicncemeut  of  Survey. 


NumlM'r  of 

pages 
and  size. 


1,  octavo. 


19,  octavo. 


4,  octavo. 


24,  octava 


24,  octavo. 


32  pages. 


4,  quarti'. 
11,  octavo. 

15,  octavo. 
2. 


How  pHnteil  or  pub- 
lisheil. 


Collection    of    p a ui 
phlttta. 


Gideon  &  Co.,  printers, 
AVashington,  D.C. 


Twenty-eighth  Con- 
gress,  first  session. 
Do*!.  No  108— Treas- 
nry  I)ei»artmeut. 

New  Haven,  Conn. 
Printc«l  by  B.  L. 
Hanilen. 

Princeton.  Printed  by 
John  P.  Bobinsuu, 
1845. 


Twenty-eighth  Con< 
gress,  second  Hessi«iu. 
IlouHe  Doc.  No.  104— 
Vol.  IV. 


Liferarv  World,  N"ew 
York!  Sept.  11.  lJi47. 

New  Haven,  Conn. 


Thirtieth  Congress, 
second  seMsinn  Sm- 
ate  Ex.  Doc.  No.  4 — 
VoLL 
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Ilia.  BIBLIOGRAPHY— Continued. 
U.  S.  COAST  AND  GEODETIC  SURVEY— Continued. 


Year  of 

puliHca- 

tiuu. 


1849 


1849 


1849 


1849 


1849 


1849 


Letter  of  the  8t>cretary  of  tbe  Treasury  ftubnilt- 
ting  a  rft|>ort  iu  reply  to  a  rosoliitiuu  of  tho  Sen- 
ate of  December  27, 1848,  rvlatiui;  to  theexponcU- 
turen  and  roHultn  of  the  U.  S.  Coiiat  Siirvoy. 

Fchniary  8, 1840.— Kt^lVrred  to  the  Committee  on 
Finance  and  ordered  to  be  printed. 

Report  in  relation  to  stt^ament  of  the  lieTenue 
Marine  transferred  to  the  Coast  Survey. 


MesnaKe  from  tbe  President  r>f  the  United  States 
roniniunioatinc  a  report  of  the  Secretary  of  tlie 
Treasury  in  relation  to  the  number  and  cost  of 
vessels  and  number  of  persons  employed  in  the 
Survey  of  the  Coast  of  the  United  States,  and 
the  amount  of  monej-  received  from  the  sale  of 
maps  and  charts. 

Report  of  the  Secretary  of  the  Treasury  com- 
municating a  report  from  the  Superintendent  of 
the  Coast  Snivt^y  iu  relation  to  the  survey  of 
the  coast  of  Florida. 

February  17, 1849.->Laid  upon  the  table  and  or- 
dered printed. 

Speech  of  Mr.  J.  A.  Pearce,  of  Maryland,  on  the 
subject  of  the  Coast  Survey  ol^  the  United 
SUtes,  delivered  in  the  Senate  of  the  United 
States,  on  Saturday,  February  17, 1849. 

Speech  of  Mr.  Jetferson  Davis,  of  Misi<iHsippi,  on 
the  subject  of  tlie  Coa^t  Survey  ef  the  United 
States,  delivered  in  the  Senates  of  the  Unite<l 
States,  Monday.  February  19, 184U. 

As  an  appendix  to  the  above-named  speech, 
there  were  printed  the  following  reports  and 
memorinU : 

Report  of  a  eommittee  of  the  American  Academy 
ot  Arts  and  Sciences  of  Boston  ami  Cambridge. 

Memorial  of  the  Msriue  Society  of  Bost  n  in  rela- 
tion to  the  Coast  Survev,  and  memorial  of  the 
insurance  companies  o^  Boston  in  lelation  to 
the  Coast  Survey. 

Report  of  a  committee  of  the  Chamber  of  Com- 
merce of  New  York,  with  resolutiims  of  tlie 
same  body  on  the  U.  S.  Coast  Survey,  for  trans- 
mission to  Con^re^s. 

Report  of  a  committee  of  the  American  Philo- 
sophical Society  of  Philadelphia  on  the  Coast 
Survey. 

Report  of  a  committee  of  the  Franklin  Institute 
of  the  State  of  Pennsylvania  on  the  pmgress  of 
the  Survey  of  the  Coast  of  the  Uniied  States. 

Resolutions  by  the  Board  of  Trade  of  Philadelphia 
relative  to  the  Coast  Survev ;  resolutions  by  un- 
derwriter«».  merchants,  and  owners  of  vessel.i  of 
the  city  of  Baltimore;  memorial  ot  the  faculty 
of  St.  John's  ColIi*g«%  Maiyland  :  letter  from  the 
faculty  of  the  University  of  Virginia;  resolu- 
tions of  the  Chamber  of  Commerce  of  Charles- 
ton, S.  C,  and  resolutions  of  stockholders  of  the 
Mobile  and  Ohio  Railioad  all  in  relation  to  the 
Coast  Sur\'ey. 

NoTK. — The  speeches,  memorials,  and  resolu- 
tions above  named  le^l  to  the  defeat  of  an  effort 
made  in  the  Senate  in  February,  1849  to  re<luce 
the  appropriation  for  the  Survey  fVom  $18A  OOU  to 
$30,000.  and  to  provide  that  it  should  be  carritnl 
on  exclusively  by  the  Navy  Department,  under 
the  direction  of  the  Prcaide'ut 


^^^^Z  "^^       How  printed  t.r  pub 


pa(;es 
and  size. 


Ill,  octavo. 


2,  octavo. 


9,  octavo. 


14,  octavo. 


16,  octavo. 


18,  octavo. 


3,  octivo. 
2,  octavo. 

2,  octavo. 


7,  octavo. 
4,  oct^ivo. 


lished. 


Thirtieth  Congr<^8s, 
second  session.  Seu> 
ate  £t.  Doc.  No.  *26. 


Thirtieth  Congress, 
second  session.  Re- 
IH>rt  No.  137,  House 
of  Representatives. 

Thirtieth  Congri'ss, 
second  session.  Sen- 
ate Ex.  Doc.  No.  20. 


Thirtieth  Congress, 
second  session.  Sen- 
ate Ex.  Doc.  No.  30. 


Washington,  D.  C— T. 
&  as.  (ildeun,  prim- 
ers, lh40. 


J.    &    (f.    S.    Gideon 
priuters. 


,i 
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Yo«r  of 

puhlica- 

tioD. 


1849 


1840 


1849 


1840 


1851 


1851 


1851 


1851 


Letter  of  the  SecreUry  of  tho  Treasury  coninio* 
uicatinK  a  report  by  the  Siipcrintecdt- nt  of  the 
Coast  Sarvey,  dated  December  26. 1848,  on  an 
application  of  tho  gulvauio  circuit  to  an  astro- 
uumical  clock  and  telegraph  register  in  deter- 
mining  local  diflerences  of  lungitiide;  and  in 
astronomical  observations  generally. 

January  li.  1840.— Laid  on  the  table  and  ordered  to 
to  be  prhited. 

Survey  of  the  Coast  of  the  United  States 


1849 
1850 


1851 


1852 


1851-1855 


Reply  to  an  article  in  the  Febraary  number  of 
Hunt's  Mei  chants'  Magasine  on  the  Coast  Sur- 
vey of  tho  United  States.— By  Lieut  Charles 
Henry  Davis,  U.  S.  Navy. 

;  Remarks  by  an  Assistant  in  the  Coast  Survey  on 
an  article  in  the  February  number  of  Hunt's 
Merchants'  Magazine  on  the  Survey  of  the 
Coast  of  tho  United  States. 


Tho  U.  S  Coast  Survey.    A  rt* ply 


Note  from  Prof.  Bache  to  the  editor  of  the 
Astronomical  Journal,  communicating  an  ab- 
stract of  a  report  by  Sears  C.  Walker,  Assistant, 
U.  S.  ('oast  Survey,  on  recent  telegraph  opera- 
tions for  longitude,  including  experiments  for 
wave  time.     Washington,  February  1,  1850. 

Notes  on  the  Gulf  Stream.— By  A.  D.  Bache,  Sa- 
p<*rintendent  U.  S.  Coast  Survey;  oommuui- 
(■at4Ki  by  authority  of  the  Treasury  Department 
fur  Bluut's  Memoir  of  the  Atlantic  Ocean.  1851. 

The  Coast  Survey  of  the  United  Slates.— Bv  Lieut, 
i;.  U.  Davis,'  U.  S.  Navy.  Reprinted  fi-om 
the  American  Almanac  and  Repository  of  Useful 
Knovle4igi>  for  1849. 

Report  of  tlie  Secretary  of  the  Navy,  in  answer  to 
a  resolution  of  the  Senate,  relative  to  the  trans- 
fer of  the  Survey  of  the  Coast  from  the  Treasury 
to  the  Navy  Department. 

February  15,  1851— Rffer red  to  the  Committee  on 
Finunce  and  ordered  to  be  printed. 

Report  of  the  Secretary  of  the  Treasury,  in 
answer  to  a  resolution  of  the  Senate,  relative  to 
the  transfer  of  tlie  Survey  of  the  Coast  from 
the  I'rcasury  to  the  Navy  Department, 

February  15,  1851.— Relerred  to  tho  Committee  on 
Finance  and  ordered  to  be  printed. 

Grneral  rules  for  estimates,  accounts,  and  classi- 
tioat  ion  of  expenditures  for  the  guidance  of  the 
chiefs  of  parties  of  the  U.  S.  Coast  Survey.  1851. 

Notes  on  the  nm^  of  the  zenith  telescope  In  de- 
tenu in  lug  latitudes  in  the  Coast  Sarvev  by 
Talcott's  method,  and  on  the  reduction  oi  the 
obsttivations.— By  A.D.  Bache.  Supi-riutendeut 
U.  S.  Coast  Survey.  Repriuted  fhim  the  Ameri- 
can Journal  of  Science  and  Arts.  Vol.  XIV, 
second  series. 

Consolidated  alphabetical  index  of  tho  ton  Annual 
Coast  Survey  RefKtrts  from  1814  to  1863,  inelii- 
sive.— Prepared  by  Lieut  E.  B.  Hunt,  U.  S 
Engineers.  Assistant. 


Number  of 

pagea 
and  size. 


13,  octavo. 


18,  ootavo. 

15,  octavo. 

14,  octavo. 

20,  octavo. 
6,  quarto. 


18,  octavo. 


28.  octavo. 


14,  octavo. 


47,  octavo. 


8,  octavo. 


16,  octavo. 


50,  (juarto. 


How  printed  or  pnb- 
iiahed. 


Thirtieth  Congress, 
second  session. 
House  Ex  Doc  No. 
21. 


From  Hant*8  Mer- 
chants' Magazine 
and  Commerelal  Re- 
view, February,  1849. 

New  York.— G.  W. 
Wood,  printer,  1849. 


J.    8l  G.    S.    Gideon, 
printers. 


Gideon,  printer. 

The  Astronomloal 
Journal,  Cambridge, 
Mass.  April  20.  ISO. 


New  York.  K.  8l  G.  W. 
Blunt.    1851. 


Washington.     Gideon 
&  Co.,  printers.  1851. 


Thirty-first  (^ougtreM, 
second  session,  Sen- 
ate Ex.  Doc  No.  35. 


Thirty-first  Congreaa, 
second  session.  Sen- 
ate Ex.  Doe.  N^ld. 


Gideon  8c  Co.,  printera. 


New  Haven.    Printed 
byB.L.Hamlen.l852. 


Appendix  to  the  An- 
nual Report  of  the 
Superintendent  for 
1854. 
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year  of 

publlca- 

tiou. 


1854-1855 


1865 


Number  of 

pages 
auU  Hize. 


Consolidated  iudos  of  HkeU'-hes  enibraco<i  in  the  !  6,  quarto. 
Annual  CoaAt  Survev  Keports  from  lH44to  185:<,  i 
inclusive.— Prepared  by  Lieut.  £.  B.  nant,U.  &{. 
Engineers,  Assistant. 


An  account  of  the  measurement  of  two  base  linos 
iuI*norida.  Section'TI,  U.  S.  Coa«t  Survoy.— 
By  Falrmau  ICogers,  Civil  Engineer. 

1855  The  U.  S.  Coast  Survey.  Its  history,  objects, 
organieutiou,  methods,  and  results. — From  Put- 
nam's Monthly  of  November,  1855. 

1856  Report  on  an  index  of  relerenoo  to  roenuurs  and 
papers  on  subjoots  rRlar<Ml  to  the  Coast  Survey 
operntions — By  Liont.  E.  B.  Ilnnt.n.  S.  Corps 
of  Engineers,  Assistant,  Coast  Survey'. 

1856  On  systematizing  the  abbreviations  of  titles  of 
periodicals,  transactions,  etc.— By  Liout.  K. 
B.  Iluntf  U.  S.  Corps  of  Eugineern,  Assistant, 
Coast  Survey. 

1858  Keport  of  Lieut.  E.  B.  Hunt,  U.  S.  Engiiicers, 
Assistant  in  the  Coant  Survey,  nn  the  prvpara- 
tion  of  an  index  of  Hcientltic  references. 

li:58  Laws  relating  to  the  Survey  of  the  Coast  of  th<> 
United  States,  with  the  plnu  of  re-orgaiiizntiou 
of  1843,  and  regulations  by  the  Troatiury  De- 
partment. 

1858  Report  on  the  history  and  progresH  of  the  Anit^ri- 
can  Coast  Survey  up  to  tho  yoar  ISTiM.  by  the 
Committee  of  Twenty  appoiut«d  liy  the  A^neri- 
can  Association  for  thi*  Advanccmont  nC  Sci- 
ence at  the  Mqptreal  niootiug.  August,  1857. 

1858  i  Report  of  tho  Secretary  of  the  Treasury,  showing 
I  tlH'  amount  expended  and  the  pr<)^r«>H.s  nmdi'  in 
I  the  Coast  Survey,  and  abto  in  tlio  standard 
I  weights  and  measures  furnished  to  tho  st^veral 
j      Stat4^s  and  custom-houses,  and  their  cost. 

1858  Special  repo-t  on  the  comparative  progress  and 
oxpenditnrti  of  the  t'^oast  Survey  in  different 
yeai-s.    Foreign  surveys,  etc. 


1858 


1859 


18:)U 


1859 


1860 


A  popular  account  of  the  IT.  8.  Coast  Survey. 


Review  by  Prof.  W.  P.  Trowbridce,  Assistant  in 
th«>  Coast  Survey,  relating  to  the  origin,  cost, 
and  progress  of  foreign  geiMletic  surveys,  with 
other  (laiH  for  compai'isou  with  the  results  of 
the  I'.  S.  Coast  Survey'. 

Comparis<m  of  the  cost  and  progress  of  the  IT.  8. 
Coast  Survey  during  the  perioils  from  18H2  to 
1844,  and  from  1844  to  lH56-'57.— By  Prof.  W.  P. 
Trowbridge,  Assistant  in  the  Coast  Survey. 

List  of  papers  accompanying  a  special  report 
made  to  tho  Treasury  Dei»artmont  by  Pror.  A. 
D.  Bache,  Superint«ndent  U.  S.  Coast  Survey,  in 
December,  1857.  (See  re|)ort  Thirtv-flfth  Con* 
gress,  second  aeaaion.  Vol.  VI,  Senate  Reirart 
No.  6.) 

Report  on  Mississippi  Sound  by  the  SecretJiry  of 
the  Treasury,  in  answer  to  a  retuihithm  of  tho 
ITousc.  Memoir  with  charts  pn'pan'd  from  the 
Archives  of  the  Coast  Survey.  By  W.  P.  Trow- 
bridge, April  6, 186U. 


16,  octavo. 


14,  octavo. 


6.  quarto. 


2,  quarto. 


11.  quarto. 


25,  octavo. 


88.*  <ictavo. 


287,  octavo. 


18,  (»ctavo. 


23,  octavo. 


20,  quarto. 


4,  quarto. 


1,  quarto. 


9,  octavo. 


How  printed  or  pu1>- 
lishcii. 


Appendix  to  the  An- 
nual Keporl  of  the 
Superintendent  fur 
1854. 

From  tho  Journal  of 
the  Franklin  Insti- 
tute, 1855. 

Now  York.  Dix&Ed- 
wards.    1855. 


Appendix  No.  f>7.  He- 
port  »f  Siipeiintoiul- 
eiit  for  lH5ti. 


Appendix  No.  68.  Re. 
port  of  Superintend- 
ent for  185<i. 


Appendix  No.  51.  Re- 
port of  the  Superiu- 
tendcut  for  1857. 

Public  Printer.  July, 
1854. 


I*rintvd  by  the  Amcri- 
C4iu  AsstM'iation. 


:  Thirty-flfth  CongP'ss. 
{  second  session,  V<i1. 
I  VI,  Senate  Report 
No.  6,  part  2. 


Washington.     Polkin- 
horn,  printer.    1858. 


From  Ap]>leton's  New 
Anierit'su  t'vchq>:i-. 
dia.     18.58 

Ap]H»udix  Na  40,  Re- 
port for  la'^. 


Appendix  No.  41,  lie- 
IKirt  for  1«58. 


Appendix  No.  42.  Re- 
port for  1858. 


Thirty-Blxth  Con- 
gress, first  session, 
Ex.  Doc  No.  M, 
VoLIX. 


444 


U.  S.  COAST  AND  GEODETIC  SUUVEY. 


Bihliogruphif;  Htatistics;  offidal  reporU  of  exjteHilltun'Hy  rU\^  vU\ — C-ODtiuuod. 

Ilia.  mBMO(UiAlMlV--Contiiiiied. 
U.  a  COAST  AND  GEODETIC  SCRVEY— ContTnned. 


Year  of 

public*' 

tion. 


1860 


18G0 


18G0 


Title. 


Koniber  of 

panes 

and  nlzv. 


Mt'RAaftoun  the  iiavipttioi*  of  the  li.rili  mi   Kivi-r.  '6,  octavo. 
Containing:  re|>ort  of  A.  D.  Hnrhf,  Ssip*  rintciiU- 
ent    U.  8.  CoaAt  Snrvey.  rdutin::  tn  lliiit  river 
and  to  Spiiytcu  Duyvil'Croek.  April  12, 1800. 


The  U.  8.  CoMt  SurTov.    ]l<>viow  of  a  report  of 
the  Secretary  of  the  iVeaaury. 


32,  ot.favo. 


I 


1864-1800 


18G4-18ti6 


Lecture  on  the  Gulf  Stream.    Prepnreil  at  the     IT.ocuivn. 
request  of  the  American  Aaaoeiation   for  the 
Advancement  of  Sriencts  by  A.  D.  liai-he,  Su-  < 
pvrintt*n(1ent  (?oaHt  Survey.    Read  at  the  New- 
port uieetinj;,  1H60. 

CoDfloIidatedalphabeticalindexof  the  ten  Annual  <  227-308,  inclu 


18G5 


18G8 


180!) 


CoaHt  Sarvey  Rnporta  from  18M  to  180.7,  inolu- 
aive.    Prepared  by  Subaasiatant  F.  F.  Ne a. 

Consolidated  index  of  aketches  em  braced  in  the 
Annual  Coast  Survey  Reportn  from  I85i  to  1863, 
incluaive. 

What  the  Coast  Survey  has  done  for  the  war.— 
By  Richard  Meade  Bache,  Astiistant,  U.  8.  Coast 
Survey. 


aive.iiuarta 


30»-315,  quar- 
to. 


24,  octavo. 


2,  octavo. 


1871-1S74 


27,  octavo. 


Report  on  loeaea  snstained  by  Coast  Survey  offl- 
cers  by  the  sinking  of  the  steamer  Arn^io  in  the 
Neuse  River,  North  Carolina.  July  21, 1808. 

Statutes  rehitini>!  to  the  Snrvity  of  the  Cwist  of  the 
United  States,  with  the  plan  of  re*or);uni/.ntion  of 
1843  and  regulations  by  the  Treasury  I)e]»art- 
ment. 

i  « 

Generalindex  of  professional  and  Hcientitii*  papers  '  193-209,  quar- 
contained  in  the  U.  8.  Coa^t  Survey  Re)KirtA  ,'      to. 
from  1851  to  1870. 


1871-1874     Erratoin  the  Coast  Survey  Reports  from  1851  to     210-219.  quar- 
1870.  to. 


1871     On  tides  and  tidal  action  in  harbors.— Tiy  J.  £. 
Hilganl,  Adsistantt  U.  S.  Contit  Snrvey. 


17,  octavo. 


1873     The  Coast  Survey.    A  lecture  delivered  bofon-     19,  octavo, 
the  N»'W  IIhvcu  ('h.imb«»r  of  (.'iiiiiinorre,  March 
I      20,1873— Uy  K.  Meade  Bache,  Assisuut,  U.  S.   | 
Coast  Survey. 

IfH't  I  Account  of  a  baseline  measurement,  three  times  '  90-98,  «Otavo. 
repeated, in  the  U.  S.  Coast  Survoj.— By  J.  E. 
Ililf^ard.  of  Washiugtou,  D.  C. 


1878 


Survevs  of  the  Territories.    Letter  from  I  he  Act-     27,  octavo. 

'\\\%  rrfsident  of  the  National  Academy  of  Sri-  i 

tmcfs,  transmitting  a  report  on  thn  surveys  of  ' 

the  Territories. 
December  3, 1878.— Referred  to  the  Committee  on  i. 

Appropriations  and  ordered  to  be  printitd.  | 


1878     Memorial  from  Civil  En>;iiwem  askin<:  an  appro-  ,  1,  octavo. 

ttriwtion  for  coiitiiiuiii^  the  triaugulation  of  the 
yoast  .Survey'  in  certain  Statcit. 


Ifow  printed  or  pab- 
lisbed. 


Thirty-aizth  Con. 
greas,  tlmt  ■oasion. 
El.  Doc  No.  04, 
Vol.  IX. 

From  theKorthAnier. 
ican  KeWew  for 
April,  1860. 

Piibliafaetl  in  tbe  Amer- 
ican Jonrnul  of  Sci* 
euoe  ami  Arta,  Nu- 
veuber,  IMa 


Appendix  to  the  Re- 
port of  the  Bnjierin- 
tendent  for  1864. 

Appendix  to  the  Ko- 
p<irt  of  the  Suiienn- 
tendeut  for  1884. 

Repriutc*d  from  the 
•I  une  aud  Jul?  nom- 
Iwra  of  tbe  iJnitcd 
Service  Magaalne. 
New  York,  186S. 

Fortieth  Coagreas, 
second  aetaion,  Sen- 
ate Report  No.  181. 

Waahlngton.  Gov^m- 
menc  Printing  Office. 
1869. 


Appendix  No.  17,  Be- 
port  for  1871. 


Appendix  No.  18.  Re- 
1H>rt  for  1871. 

A  lecture  before  the 
Americen  Inatltute, 
New  York.  Jeniier.v 
27. 1871.  Reprinted 
with  rerlaloaa  In  the 
Smitbaoninn  Beport 
for  1874. 

Published  by  rcqueai 
of  the  Chamber  of 
Commerce. 


From  the  proceedinKa 
of  the  Ameiioan  Aa< 
aociation  for  the  Ad- 
vancement of  Sci- 
ence, Detroit  neet- 
ing,  1875. 

Forty-fifth  CoBjKreea, 
thfrd  aeealon.  Honaa 
Mia.  Doc.  No.  8. 

Published  in  pert,  alao, 
M  Senate  lila.  Doc 
No.  9. 


Forty-fifth 
aecond  aeealon.  Sen. 
ate  Mia.  Doe.  Ha 
68— yoi.u. 
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DihHography:  statistica;  official  reports  of  erjtenditures,  etc.y  etc, — Continaed. 

Ilia.  HIBLIOGRAniY— Continued. 
U.  S.  COAST  AND  GEODETIC  SURVEY— Continued. 


Year  of 

pnblifa- 
tioii. 


1870 


1870 


1870 


1870 


lj«0-l»<2 


1881 


1881 


TiUe. 


Letter  from  the  Secretary  of  War  trannmittinjE  a 
copy  of  a  couimunication  from  General  Cora- 
stock.  V.  S.  £nf;ineerti,  relative  to  the  duplica- 
tion of  the  fiurveys  of  the  MiMiAHippi  River  by 
the  Coast  Survey.    January  10, 18f0. 

Letter  from  the  Secretary  of  the  Treasury  trans- 
mittinjir  a  communication  from  the  Superintend- 
ent of  I  he  Coast  and  Geodetic  Survey  relative  to 
the  cost  of  certain  classes  of  the  work  of  the  Sur- 
vey.   January  20, 1870. 

Report  by  the  Secretary  of  the  Treasury  relating 
io  the  organization  of  the  Coast  and  Geodetic 
Survey. 


Ttie  C'Oast  Survey.    An  article  by  Mrs.  Martha  J. 
Lamb. 


An  attempt  to  solve  the  problem  of  the  first  land- 
ing place  of  Columbus  in  the  New  World.— By 
Capt.  G.  V.  Fox,  Assistant  Secretary  of  the 
Navy,  1861-18M. 

Re.^olution  instructing  (^nnmittee  on  Finance  of 
tliH  Senate  to  make  certain  inquiries  with  n-ffr- 
ence  to  the  organization  of  tli«  Treasury  Dc- 
)iartnient,  and  to  consider  expedicMicy  of  tran? 
fening  certain  burf;ans  of  that  Department,  and 
anitnig  them  the  Coast  and  Geodetic  Survey,  to 
the  Navy  Department.    January  12, 1881. 

Laws  and  regulations  relating  to  the  Coast  and 
Geodetic  Surver  of  the  Unit<.'d  States.  Treasury 
Department,  1881.  Document  110,  Coast  and 
Geodetic  Survey. 


1881  i  Ln  ws  of  general  apjdication  for  the  use  of  the  U.  S. 
Ciijtst  and  Geodetic  Survey.    Treasury  Depart- 

r7.  Coast  and  Geodetic  Sur- 


1881 


1881 


nient. 
vey. 


Document  167, 


Kee4?nt  investigations  of  the  Gulf  Stream  by  the 
U.  S.  Coast  and  Geo<letit)  Survey  steamer 
Bhiko.— By  Commander  John  R.  Bartlett, 
U.  S.  N. 

The  Basin  of  the  Gulf  of  Mexico.  Communica- 
tion to  National  Academy  of  S<'.icnces,  Novem- 
ber 18, 1880.— By  J.  E.  Hilganl,  M.  N.  A.  S. 


1881-1883  General  Index  of  Scientific  Papers,  Methods,  and 
lli'Hults  contained  in  the  Appendices  to  the  An- 
nual Ke{H)rts  of  the  U.  S.  Coast  and  Geo<1eticSnr- 
vev  fiom  1816  to  18^,  inclusive.— By  C.  U.  Sin- 
( luir,  Subassistont. 

1882  '  The  Gulf  Stream.  New  data  from  the  investiga- 
tions of  the  U.  S.  Coast  and  Geodetic  Survey 
steamer  Blake.— By  Commander  John  R.  Bart- 
litt,  U.  S.  N.  Naval  Institute,  Washington 
Branch.    May,  1882. 

1883  Letter  of  the  Superintendent  U.  S.  Coast  and  Geo- 
detir  Survey  on  the  proposed  transfer  to  the 
Navy  Department.    January  8,  1883. 

1K83  1884  Descriptive  (?ata1i>gue  of  Publications  relating  to 
the  Coast  and  Geodetic  Survey  and  to  Stsntlard 
Measures.— Compiled  by  Edward  Goodfeilow, 
Assist  anl. 


Number  of 

pages 
and  size. 


3,  octavo. 


4,  octiivo. 


6,  octavo. 


!i07-521,  octavo 


346-^11. quarto. 


1,  octavo. 


42,  octavo. 


52,  octavo. 


20-46,  octavo. 


288-20 1,  octavo 


01-123,  quarta 


22l-231,octavo. 


8,  octavo. 


121-135,qnarto. 


How  printed  or  pub- 
lished. 


Fort;k'-flfth  Congress, 
third  session.  Ilonse 
Ex.  Doc.  No.20— Vol. 

XI. 


Furty.fifth  Congress, 
third  session.  House 
Ex.  Doc  No.20— Vol. 

XI. 


Forty.flffch  Congress, 
third  session.  Uonse 
Ex.  Doc.  No.62— Vol. 
xvi. 

narper'a  New  Monthly. 
Magazine  for  March', 
1870. 

Appendix  No.  18,  Coast 
and  Geodetic  Survey 
Report  for  1880. 


Forty-sixth  Congress, 
third  session.  Sen- 
ate Mis.  Doc.  No. 
16- Vol.  I. 


Washington,  Govern- 
ment Printing  Office, 
1881. 


Washington,  Govern- 
ment Printing  Office, 
1881. 


Bulletin  of  American 
Geographical  Soci- 
ety, New  York, 
1881-No.L 

R«>printed  from  the 
American  Journal  of 
Science,  April,188I— 
Vol.  3txi. 

Appendix  No.  6— Re- 
port for  1881. 


Reprinted  from  No.  20 
of  the  proceedings  of 
the  n.  :i  Naval  In- 
stitute. 


Appendix   No.  6— Re- 
port for  1883. 
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nia.  BIBLIOGRAPHY— Continued. 
17.  S.  COAST  AND  GBODBTIC  SUKVEY— Continned. 


Year  of 
publica- 
tion. 


1883 


Number  of 

p>fre« 
and  aiie. 


General  cnniiderationa  abowinff  tb«  impolicy  of    l.quaito. 
tho  adoption  by  CoDf^rens  of  the  recooiraenda-  i 
lion  of  the  Secretarv  of  the  Navy  to  transfer 
the  Coast  and  Geodetic  Survey  from  the  Treas- 
ury to  the  Navy  Department.— By  R.  Meadi* 
Bache,  Aasiatant. 

1881  j  The  Late  Attacks  upon  the  Coast  and  Geodetic  I  52,  octavo. 
j      Sill  voy.— By  R.  Meade  Bache,  Assistant.    Re-  ' 

{>riiited  from  the  October  and  November  num-  i 
)era  of  the  United  Service,  1884.  ' 


1884 


1884 


1884 


1884 


1884 


Xoten  on  a  proposed  transfer  of  the  C^oast  Survey  <  6,  octavo, 
to  the  :Navv. — By  Rear- Admiral  Thornton  A.  ' 

Jenlcins,n  S.N.    1884— June  5. 

I 

U.  S.  Coast  and   Geodetic   Survey.    Historical  '  8,  octavo. 
Slcetch.— Prepared  by  fl.  W.  Blair,  Assistant       < 

Inquiry  of  the  National  Academy  of  Si'icnces     20,  octavo, 
concominc  the  operations  of  tne  Coast   and 
Geoilctic  Survey.    A  statement  bv  the  Super-  . 
in  tendon  t,  addrcHsed  to  Gen.  M.  C.  MeiKB,  chair-  j 
man  of  a  committee  of  the  National  Academy  of  i 
Sciences.    September  19, 1884. 

Coast  and  Geodetic  Snrvev ;  article  in  the  Sup-    289-272.  quarto, 
plement  to  the  ninth  eoition  of  the  Encyclo- 
pfvdia  Britannica;  Vol.  li  of  Supplement. — By 
O.  H.  Tittmann,  Assistant  i 


Brief  account  of  the  exhibit  made  by  the  Coast 
and  Geodetic  Survey  at  the  Southern  Exposi- 
I  tion,  LouisTiUe,  Kentucky,  1883.— By  H.  W. 
!      Blair,  Assistant. 

1886  I  Testimony  before  the  Joint  Commission  to  con- 

!      sider  the  present  organisations  of  the  Signal 

SHrvice,  Geolojdcal  Survey,  Coast  and  Geodetic 

I      Survey,  and  the  Hydrographio  Office  of  the 

I      Navy  Department 

1886  :  Report  of  the  Joint  Commission  on  the  Signal 
j  Service,  Geological  Survey,  Coast  and  Geodetic 
I      Survey,  etc. 


1886  =  LettorsofGen.W.  F.Smith  and  Gen.  H.G.Wright, 

j      relative  to  the  topographical  work  of  the  U.  8. 

Coast  and  Geodetic  Survey.    June  80  and  July 

I      1, 1886. 

I 

1887-1880  i  General  index  to  the  progress,  sketches,  and 
!  illustrations,  maps  and  charts  publishetl  in  the 
I  Annual  Reports  of  the  TJ.  S.  Const  Survey  and 
i  U.  S.  (^oast  and  Geodetic  Survey,  from  1844  to 
i  1885.  inclusive.— Prepared  by  Edward  Goodfel- 
I      low.  Assistant. 


489-493. 


1-36  and  1-1104 
octavo. 


125,  octavo. 


3,  quarto. 


How  printed  or  pub- 
lished. 


Philadelphia,  1883. 


Philadelphia.  L.R. 
Hamersly  Sc  Co.,  No. 
1510  Chestnut  street, 
1884. 

Washington,  D.  C. 


Washington, D.C., 
June,  1884. 

Polkinhorn  dcSon, 
Printers,  Washing- 
ion,  D.  C. 


American  edition: 
Philadelphi*  nnd 
New  York.  Hub- 
bard Bros.,  1884. 


Appendix  No.  18. 
port  for  1884. 


Re- 


Forty-ninth  Congress, 
first  session.  Senate 
Mis.  Doc  Na  82. 


Forty-ninth  Congress, 
first  session.  Bennte 
Report  No.  128jy— 
Parts  I  and  II. 

Washington,  1888. 


1888  '  n.  S.  Coast  and  Geodetic  Survey.  Historical  com- 
pilation. A  statement  by  the  Superintendent 
on  the  basis  of  the  Historical  Sketch  of  1884. 

1887-1889  '  ABibliographyofGeodesy— By  J.  Howard  Gore, 
B.  S.,  Ph.  D.,  professor  of  mathematics,  Colum- 
bian TTniversity,  Acting  Assistant,  IT.  8.  Coast 
and  Geodetic  Survey,  etc. 

1888  i  The  U.  S.  Coast  and  Geodetic  Survey.— By  Henry 
P.  Wells. 


1888  '  Short  descriptions  of  articles  forming  the  Coast 

and  Geodetic  Survey  exhibit  at  the  Centennial 

I      Exposition  of  the   Ohio  Valley   and   Central 

I      States,  Cincinnati.  Ohio.  1888.— Compiled  And 

I     Arranged  bj  C.  O.  Bontello,  Assistant 


217-208,  quarto.'  Appendix  No  12.    Re- 
port for  1887. 


16,  octavo. 


Washington,  1888. 


313-612,  quarto.!  Appendix  No.  16.    Re- 
port for  1887. 


quarto.  I  Supplement    to    Bar* 

ger's  Weekly,  Oct 
9.1888. 

44, octavo.        '■  Washington,  D.  C. 

Polkinhorn,  Printer. 
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Bibliography;  stati$tic8;  official  reports  of  expenditures,  etc.,  etc, — Continued. 

m 

Ilia.  BIBLIOGRAPHY— Continued. 
U.  8.  COAST  AND  GEODETIC  8QRVEr~Continued. 


Y«'>»r  of 
piiblicA- 

lloll. 


?W-1890 


1889-1891 


1890  1801 


1890 


1890 


Title. 


Coast  SuFTey.— An  article  by  J.  E.  ITilgard,  ex- 
HuperlntendeDt,  in  Jnhnson'a  (reviavd)  Univer- 
sal Cyclopiedia,  Vol.  ii. 

International  Geodetic  Association,  ninth  confer- 
ence. Paris,  1889.  Keportof  Goor^re  Daviilson, 
Assistant,  U.  8.  Coast  and  Geodetic  Survey. 
I)eln:rat«  appointeti  by  the  President  of  tho 
United  States. 

Intemationsl  GeodtMio  Association,  ninth  conr<>r- 
encc.  Addr^^s  of  Guor;;e  Davidson,  Assistant, 
U.  S.  Coast  and  Geodetic  Survey.  Delt^gAto 
from  the  United  States. 

Standlnf!  of  Coast  SuiTey  oflirors  during  ihv> 
Civil  War.  ICoferrefl  to  the  House  cnlendar 
May  26, 1890,  and  ordered  to  bo  printed.  KojK)n 
aub'iuitted  by  Mr.  Spoonor,  from  the  Cuniniitt«!e 
on  Military  Affairs. 

An  act  to  define  the  standinir  of  officers  of  thr 
Coast  Survey  durini;  the  late  Civil  War.  rns.<MMl 
the  nouMO  of  Representatives,  September  17, 
1890.  In  Senate,  September  18, 1800,  read  twice 
ati'1  r(*ri-rri>d  to  the  Committee  on  Military 
A  ffairs. 


Knmber  of 

paf;es 
and  size. 


How  printed  or  pub- 
lished. 


12^-126.  quarto.   New  York.   AoT.JohQ- 

son  &  Co. 


403  503,  quar- 
to. . 


7Jl  733. 


2,  Oi'lavo. 


2,  octJivo. 


Appendix    18.   Report 
for  H?89. 


Appendix    17,  Report 
for  1890. 


Fifty- flriit  CongrnHB, 
lirst  HOfiMion,  Uousa 
Report  ^^>.  2151. 


Fifty-first  Con  press, 
first  sension,  Q.  R. 
6904. 


lllb.  STATISTICS. 
U.  S.  COAST  AND  GEODETIC  SURVEY. 

Under  Illft,  Statistics,  an  enunieratioii  will  be  inatie  for  each  Annual 
Rei)ort  published  by  the  Survey,  beginning  with  the  liejMirt  for  the 
year  1849,  of  the  Appendif/es  which  contain  results  of  the  work  in  the 
form  of  tables  of  statistics.  The  Ueport  for  IHIM  is  the  first  in  which 
a  full  tabular  statement  of  statistics  is  given. 


Tear  of 
Report. 


1819 

1850 
1851 
1852 
1854 
1855 
1856 
1857 


Number 
of  Ap- 
pendix. 


1858 


39 
5 

4 
7 
7 
7 
7 


9 


Tide. 


Results  of  the  Co.ist  Survey  at  different  periods  from  1807  to  1849  . . . 
Results  of  the  Coast  Survey  at  different  periods  from— 

1844  to  1850 

1844  to  1851 

1844tol8.'52 

1844  to  1854 

1844  to  1855 

1844  to  1856 

StAtistics  of  flold  and  office  work  of  the  Coast  Survey.  (These  sta- 
tistics are  arranpnl  in  a  table,  the  first  column  of  which 
shows  the  utatistics  previous  to  1844 :  the  n»xt  column  ^i^es 
those  for  1814.  and  tlie  following  columns  those  for  each  snb- 
seqaent  yesr,  the  laat  beiuK  for  1856,  and  the  final  column 
one  of  totals.) 

Statistics  of  fieM  and  ofHre  work  of  tho  IT.  S.  Coast  Survey  during  the 
years  previous  to  184t  and  thence  to  iind  InuludinK— 

1857 


Number  of 

pages 
and  size. 


1,  octavo. 

2,  octavo. 

3,  octavo. 
1,  quarto. 
1,  quarto. 
1,  quarto. 

1,  quarto. 

2,  quarto. 


3,  qnartoi 
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Bibliog^raphy;  statietiva;  official  reports  of  expenditureSf  etc,  c/c. —Continued. 

Hid.  STATISTICS— Continued. 
U.  S.  COAST  AND  GEOI^ETIC  SURVEY— Continued. 


Year  of 
Report 


1850 
1880 
1861 
1862 
1863 
1864 
1865 

1872 
1873 
1874 
1875 
1876 
1877 
1878 


1870 
1880 
1881 
1883 

1883 
1884 
1885 
1886 
1887 
1888 
1880 
1800 


Nnnib«r 
of  Ap- 
pendix. 


7 
7 
5 
3 
3 
3 
3 

.2 

9 

2 
2 
2 
2 
2 


Title. 


2 
2 
2 


2 

2 
o 

o 

2 

2 
2 
2 


SUtiaticA  of  flehl  and  offlcu  work  of  the  U.  8.  Coa^it^Siirvey  during  the 
yoArs  pri^vions  to  1844  and  thence  to  and  including— Cont'd. 

ia-.8 

issa 

18C0 

1861 

1802 

I8'i:i 

18M , 

StatiftticB  of  field  and  office  work  of  the  U.  S.  Coast  Sarvoy— 

During  the  yean  previous  to  1865,  and  thence  to  and  including  1871 

During  the  year  1872 

During  the  year  1873 

During  the  year  1874 

To  the  close  of  the  year  1875 

To  the  close  of  the  year  1876 

To  the  close  of  tbe  year  1877 

Statistics  of  field  and  ofiice  work  of  tlie  U.  S.  Coast  and  Geodetic 
Survey- 
To  the  close  of  the  year  1878 

To  the  close  of  the  year  1870 

For  the  year  ending  December  31, 1881 

For  the  eighteen  months  ending  June  30, 1882 

Statistics  of  field  and  office  work  of  the  U.  S.  Coast  and  Geodetic 
Survey  for  the  year  ending  June  30— 

1883 

1884 

1885.^ 

1886 

1887 

1888 

1880 

1800 


Number  of 

pages 
and  si  EC. 


3,  qusrio. 

2,  quarto. 

3,  quarto. 
8,  quarto. 

4,  quarto. 
2,  quarto. 
2,  quarto. 

2,qnarta 
2,qnartow 
2,quarta 
S,quarta 
2,quArta 
2,  quarto. 
2,  quarto. 

2,  quarto. 
2,  quarto. 
2,  quarto. 
2,  quarto. 

2,  quarto. 
2,  quarto. 
2,  quarto. 
2,  quarto. 
2,  quarto. 

2,  quarto. 

3,  quarto. 
3,  quarto. 


IIIc.  OFFICIAL  REPORTS  OF  EXrENDITURES  AND  OF  PERSONS  EMPLOYED. 

U.  S.  COAST  AND  GEODETIC  SURVEY. 


Year  of 
publica- 
tion. 

Title. 

Number  of 

pages 

und  size. 

How  printed  or  pnb- 
lished. 

1842 

1843 
1843 

Report  by  tlie  Socretaryof  theTrensurv'of  theex- 
penditnrcA  for  the  survey  of  the  United  States 
coast.    January  25, 1842. 

Report  of  rtelect  committee  on  the  result  of  an  ex- 
aniinntion  of  the  pro;Tros<4  and  expenditure  of 
the  Coast  Survey.    January,  1843, 

Report  of  nelfct  committee.    Additional  informa- 
tion to  that  communicnted  m  January  by  the 
same  com  mi  t  tee  upon  the  procresn  and  expendi- 
tures of  the  Coast  Surrey.    February,  1843. 

8,  octavo. 

103,  octavo. 
03,  octavo. 

Twenty-seyenth   Con- 
cress,  second  seaidon. 
House  Doc  No.  57 — 
Vol.  11. 

Twenty-seventh   Con- 
crens.  third  sssaion. 
llouae  Report  No.  43. 

Twenty-sevonth   Con- 
jiieAs,  tbird  session. 
House  Beport    No, 
170. 

REPORT    FOR    1$!>1 — PART   11. 
iiiii}^:  agiriat  rtporU  of  exptadiUrtn,  etc 


^(c— Continued. 


U,  8.  COAST  AND  GEOUBTIC  BDRVET— Con 


Tear  of 

Tin* 

Number  of 

How  printed  or  pub. 

1818 

IS4» 
IgiJ 

I8» 

'1f,8 
IK8 

I8W 

IB62 

I8ltl 

Report  by  the  S-croUrjor  tbe  TfeMory  on  appro. 
prUtlona  for  the  Co^t  Surrey.    Drcwnber  22, 

Report  of  (Wcretary  of  tbe  Trewury  regarding 
ary7,lf4». 

Report  of  Secrolaryof  tbe  Trfnaiiryaf  nnmber 
and  CAttof  raaapla  andniimberof  men  employed 
In  aurrey  of  Uolleil  SUtaa  eoaal.    Febrnary  ft, 

iBtradcnt  of  Coaal  Sori^y  .bowing  number  and 
names  of  penwna  einploied  inCoaatSurrevdut. 
Ing  je«  eadinti  .Iiine  iio.  l.K.iheir  eompenM. 

ilia  dlrPT-Ilon.    Deoeinber  SJ,  18U. 

So™itaryorthaTreMnry,fran.rait»i-ep«rtaBhow- 

rej,    Reomber  37. 1M4, 

l.rtler  nf  Sreretnry  of  the  Treajinry  Imnamltling 

phiyrd  in  Ihe  Cnaac  tSiir'Ky  and  eipi-ndilnref 
jnajo  during  >1>.  year  1831 L-W.    iW-onibrr  23. 

«n.  employed  in'Co^.lSurveyandeipenditurea 
for  yrar  rnding  June  W,  I8S;.    Januar.v  IS,  1«S8. 

Kecictu-y  of  tbe  Tieaaur*  te|H>n>  amnmit  m. 
pendnl  and  prosresa  made  In  the  Ciiaat  Sumy. 

niahod     he  aeyrral  State>  and  ouaUira-liouaea. 
and  Iheir  c«l.    Ilrcembrr  Id,  ISM. 

Itep"""!  by  SeriMarynribeTreaenryof  nanieaand 

rey.    J«nn.ry7.l8». 

Hat  nf  the  nnmber  and  namea  of  peraona  em- 

Report  ty  Secretary  of  the  rr™„ryi,aii.raHtiDK 
halof  the  nnmber «niinaia,>a  of  paraona  em- 

dnriug  tbe  year  ending  Jnne  30,18*1.    Much 

Report  by  Saerrlaiy  of  the  Treaiorylran-imitling 
aUIORient  abowins  number  ami  n.mw  of  prr- 
anna  employed  in  Ihe  Coaat  Survey  dnring  tbe 

aUtement  of  all  eipendltarea  made  du.in«  tl.e 
year.    Decembrr  1«,  1883, 

2.  octavo, 

BpOoUvo, 
18,  octavo. 

ia,ocUvo. 
li  octavo. 

liootavo. 

7»,ocUvo. 

Thirtieth  Congteaa. 

ateEi  D,K^Kg.4."' 

Thirtieth  Confreaa. 
aeoond  aeaaion.   Sen- 
ate Kx.  Doc,  No,  28- 
Voi.  m. 

Thirtieth  Conaraaa, 
aecond  awiion.   San- 

ThirtylhiM  r^ongrwa, 

Tbirt.T^hirdCongrpat, 

ThlTly.foiinh    Can. 
greaa,   nraCaeeaion. 

B<.  OocXo.JO— Vol. 

Thirty  linh  CoBgreas, 

ate  Ronnrt  No.  6— 
Pan  2,  Wl.  VI. 

ThIrtv.Sflli  Cangreaa. 
arronl    aeaaion. 
nonar  Ki.  t)oc.  Mo. 

TbirtyaiilbConErTsa, 

dSJ!nJ!™''vo1.vl 

ThirlyaevenUilCon. 

Doc.  No,  88- Vol,  V. 

Tlilrly  aevsnlh  Con. 

fiM"*"  HT^afl  zt'. 
Doo,No,«i-Vol.vll. 

Thlrty-elghtb     Coo- 
&"nw  e"'i>!C"n» 

It.Ex.  43,  pt.2— 28 


450 


U.  S.  COAST  AND  GEODETIC  SUKVEY. 


Biblioffi'aphif;  «/rt/i«/i*wj ;  offiiial  reports  of  fxpenditure^,  ftc.j  eU; — Continued. 

IIIc.    OFFICIAL    KEPOKTS    OF    EXI'ENDITIJRES    AND    OF    PEUSUNS 

EMPLOYED— Continued. 

U.  8.  COAST  AND  GEODETIC  SURVEY  -Continued. 


Year  of 

]niblica- 

tion. 


1864 


1680 


1888 


1888 


1870 


Report  of  Socretarj  of  the  Treasnry  trAnHDiilting     9,  octavo. 
liHt  of  employ^A,  with  romiieuMitions  and  ntate- 
naent  of  exponditurf*  of  Coant  Survey  for  fiscal 
year  eudini;  June  30,  1884.    December  21, 1884. 

Report  of  Secretary  of  Treaiiary,  transmitlinK  a     9,octaTo. 
Btatement  of  employes  in   the  Coast  Survey 
during  the  year  ending  Juno  30,  1885. 


Number  of 

pages 
and  size. 


Renort  by  Secretary  of  the  Treasury  transmitting 
list  of  em)>loy6s  of  Coast  Surrey  with  compen- 
sations, etc.,  for  the  flnoal  year  ending  June  30, 
1886.    December  15,  1868. 

Report  by  Secretary  of  the  Treasury  on  expenses 
of  tbt<>  Coast  Sarvov  for  the  year  ending  June 
30,  1867.    May  8.  18ii8. 


10,  octaro. 


9,  octaTo. 


1871 


1874 


1879 


1880 


Report  by  Secretary  of  the  Treasnry  transmitting     K,  octavo, 
list  of  emplny/ts,  with  coni|>en«ati'on8,  and  Htate-  ' 
ment  of  expeuditureu  of  Coast  Survey  for  fiscal  J 
year  ending  June  30,  1869.    January  22,  1870.       | 

Report  by  Secretary  of  the  Treasury  trannmitting     9,  octavo, 
list  of  eniplov^s  of  the  Coast  Survey,  with  com-  J 
pensations,  daring  fiscal  year  ending  June  30,  , 
1870.     February  25, 1871.    '  | 

Report  of  Secretary  of  the  Treasury  transmitting  j  8,  octavo, 
list  of  Coast  Survey  emploT^'s  for  vear  ending 
June  30,  1874.    December  :!3.  1874. 


1881 


Report  by  Secretary  of  the  Treasury  of  expendi- 
tures on  account  of  the  (Joast  Survey  for  the 
fiscal  year  ending  June  30,  1878.  Jnnuary  28, 
1879. 

Report  by  Secretary  of  theTi'easury  trnnsmitting 
H  report  of  expenditur«;s  of  the  (}oast  and  Geo> 
detic  Survey  for  the  yesr  ending  June  30.  1879. 
March  26,  1880. 

Report  bv  Secretary  of  the  Treasury  transmitting 
a  report  of  the  expenditures  of  the  Coast  and 
(irouetic  Survey  for  the  vear  ending  June  30, 
1880.    January  31,  1881 


1882  Brief  report  of  the  Superintendent  of  the  Coast 
and  Ueodetio  Survey,  conta  uing  statement  of 
expenditures  for  the  fiscal  year  tending  with 
June  30,  1882.    December  2.  1*S82. 


1884 


1884 


1886 


1887 


letter  from  Secretary  of  the  Treasury  transmit- 
ting statement  of  expenditures  of  Coust  and 
Geodetic  Survey  for  the  fiscal  year  ending  June 
30,  1883.    January  22,  1884. 

Tetter  from  Secretary  of  the  Treasury  transmit- 
ting statement  of  expenditures  of  Coast  and 
Geodetic  Survey  for  the  flsc«l  3'ear  ending  June 
30,  1884.    December  18,  1884. 

Letter  from  Secretary  of  the  Treasury  transmit- 
ting stiitcnient  of  cspi  nditnres  of  the  (.-oast  and 
Geodetic  Survey  for  the  ti-cal  j'wir  ending  June 
:jO,  188.5.    January  9.  1880. 

Letter  irom  Secretj»rv  of  the  Treasury  transmit- 
ting statement  of  expenditures  of  Coast  and 
Geodottc  .Survi'y  for  llscal  vear  ending  June  30, 
1888.    February  4, 1887. 


7,  octavo. 


7,  octavo. 


7,  octavo. 


18,  octavo. 


8.  octavo. 


8,  octavo. 


30,  octavo. 


27,  octavo. 


How  printed  or  pub- 
lished. 


Thirty-eighth  Con- 
gress, second  seaaioo. 
House  Ex.  Doc.  No. 
13,  VoL  VIII. 

Thirty-ninth  Congress, 
first  sesaioD.  uoase 
Ex.  Doc  No.  24,  VoL 
VIL 

Thirty- ninth  C;on- 
gress,  second  s  e  •  - 
ition.  HonaeBx.  Doc. 
No.  15.  Vol.  VI. 

Fortieth  Congress. 
Hecond  aession. 
House  Ex.  Doc.  No. 
286,  Vol.  X VIL 

Forty-first  Congreaa, 
second  session. 
House  Ex.  Doc.  No. 
A  Vol.  VI. 

Forty-first  (^ngreaa. 
third  session.  House 
Ex.  Doc.  No.  142— 
Vol.  XIL 

Forty-third  Congress, 
second  session. 
Honse  Ex.  Doa  No. 
71,  Vol.  XII. 

Forty-fifth  Consreas, 
third  aession.  House 
Ex.  Doc.  No.  40,  Vol. 
XVL 

Forty-sixth  Congress, 
second  session. 
House  Ex.  I>oc-.  No. 
88,  Vol.  XXIV. 


Fort|y-8lxth  Congr 
third  session.  Hoaae 
Ex.  Doc.  No.  84.  Vol. 
XVIIL 

Treasury  Department. 
Doo.  Ko.  384. 


Forty  eighth (.'ongreas. 
flrstaession.  House 
Ex.  Doc.  No.  83. 


Forty  eighth C^ongress, 
second  session. 
House  Ex.  Doc  No. 
52. 

Forty-ninth  Congress, 
first  session.  House 
Ex.  Doc.  No.  32. 


Forty-ninth  Congreaa, 
second  session. 
House  Ex.  Doo.  ITo. 
149. 


RKI'ilKT    KOR    IPOI — I'ART    11. 


Hibliographji:  'lalinlicii;  official  rrporti  a/  rrpf.nditHmi 


J.  S.  COAST  AKD  QEdDETIC  8CRVEr-C« 


Ymof 

pubHu- 
tion. 

Till*. 

anTi'w. 

How  prinlfil  or  pnb- 
ll.hed. 

im 

LetMr  from  RecraUr;  of  the  Tr«uiury  trnnnRiit- 
Ubg  BUIenwnt  of  (npfnfliliirM  nf  Co*.l  auri 
OcndftiE  SiirTKy  for  flwkl  jur  cDilini:  Juue  30. 

2»,oct.™. 

"ffsTF"'" 

tSSD 

Letter  fniu  S<'cretnry  of  lbs  TrrMiiry  trannmit- 
Georfetk  SufTty  for  Haca!  year  andtnn  Jqii*  311. 

30.  o«laro. 

TS:7"" 

laso 

Leitar  from  a«KUry  of  the  Trraaiirj  Iranauiil. 
im.    Jann>r;'2,18H. 

11.  ocUto. 

flr.t  <i«i*iiHi.    Kouae 
Kx.Doo.tio.X. 

IMl 

Unit  aUUiDPiit  of  ^ipciiililnMK  of  [;oa«I  iii.l 
Rnodetic  Siirray  for  Daral  vhi'  oodEnji  Juua  HU. 
IBM.    rBb™iTy2«,lR81.     ' 

Jftoctai-o. 

Fllly-Bn.t     CoogT^'. 

Ho"MBi.*K^.'li": 
Z7S. 

Illrf.  TABULAR  STATKMKVTS  np  1KK>HMATIC1N  FURNISHED. 

V.  S,  COAST  AND  OUODETli:  »ORVKY. 

Tabular  shitoineiitB  nf  iiilbriiiittioii  tiiniislifd  by  tlio  Survey  in  n\- 
s|iiiiiNO  to  olDcial  (Willis,  or  in  c.oiiiiiliaiiro,  with  iuii>ltii'iiil  ri-[|U(>sts,  iiimIci' 
tlif  irKiilH'ionw  of  tiic  I'reiwury  Dt-iiiu-tiuinit,  will  bo  found  in  the 
iiriiiual  i'e[>oi'ts,  an  follows: 


Yaarof 

»|«rl. 

No.  of 

■SET- 

r..„. 

Vi-ar  cif 

No.« 

I'aK.-... 

Y^ofi^i;- 

race*. 

IKJ- 

1»J2 

IHM 

IBM 

las, ]3fl 

7! 

IMS 

;.v,  111 

M,S« 

'"" 

TB,7» 

IMl 

T5-W 

|y»,„t 

No.  of 

I^JW". 

;    luiz 

T>-«4 

ISM 

* 

119-125 

lll».  AXNUAI,  RKPORTS  ur  OFKICK  OrERATlONS. 

U.  S.  COA.ST  ASD  GEODK'.TC  SOKVEY. 

In  the  earlier  Rp|i(irts  of  the  CoiLst  Survey  sbitement^  of  procresB 
made  in  ofBce  operiitions  will  generally  be  found  following  the  abatractB 
of  reports  of  (ieM  work,  attention  being  calleil  also  to  of&ee  work  of 
special  interest  or  imiHtrtaiute  in  tlie  iiitroiluetory  portions  of  the 
Keports, 

This  will  be  found  to  apply  to  the  Annual  Keports  from  1844  to  1855, 
incluBive. 


452  U.    S.    COACT   AND    GEODKTIC    SURVEY. 

In  the  Reports  from  185H  t^)  18<54,  inclusive,  in  addition  to  the  notices 
oi'  oftice  operations  in  the  body  of  ea<*h  Report,  there  are  Appendices 
which  contain  reports  from  the  Chiefs  of  the  Divisions  of  the  Office,  or, 
in  some  cases,  the  complete  reports  of  the  Assistant  in  charge  of  the 
Oflfice,  and  of  the  Chiefs  of  Divisions.  (See  list  of  Contents  of  Aj)pen- 
dic^s  pre(;ediiig  Alphabetical  Index.) 

The  iniblication  of  the  annual  reports  of  the  Assistant  in  charge  of 
the  Office,  nnd  of  tlie  ( 'hiefs  of  the  Office  Divisions,  was  discontinued 
during  the  years  1865  to  1880,  inclusive,  and  the  references  U^  office 
operations  were  made  in  the  same  manner  as  those  in  the  Annual 
Reports  of  the  Survey  from  1844  to  1855,  inclusive,  these  reference's 
being  supplemented  by  Appendices  giving  lists  of  drawings  or  engi^av- 
ings  of  charts  in  i)rogress  or  completed,  and  by  Appendices  detailing 
the  field  and  office  work  relating  to  tides. 

In  the  Annual  Report  for  1881  the  reports  made  by  the  Chiefs  of  the 
(.'oinputing.  Tidal,  Drawing,  Engraving,  antl  llydrographic  Divisions 
of  the  Office  were  printed  in  full;  in  tlie  Report  for  1S82  these  report* 
were  published  as  Aj^pendix  No.  6;  in  the  Annual  R<'ports  of  the 
Survey  from  188,'^  to  1889,  inclusive,  the  annual  reports  of  the  Assistant 
in  charge  of  Office  and  Topography,  and  of  the  llydrographic  In- 
sj>ector,  appear  as  Appendices  Noh.  4  and  5;  in  the  Annual  Report  for 
ISOO,  Appendix  No.  4  contains  the  annual  report  of  the  Assistant  in 
cliarge  of  the  Office;  Appendix  No.  5  the  annual  reiwrt  of  the  Hydro- 
gi;vi)hic  Inspector;  Appendix  No.  6  tluj  annual  report  of  the  Disburs- 
ing Agent,  and  Appendix  No.  7  the  annual  rei>ort  of  the  Assistant  in 
charge  of  the  Office  of  Weights  and  Measures. 

It  has  not  been  deemed  advisable  to  add  to  the  bulk  of  this  De- 
scriptive Catalogue  by  extended  Iist«  of  these  Office  reports,  embody- 
ing as  they  do  much  mjitter  relating  to  routine  operations  and  details 
of  value  chiefly  lor  official  reference. 


lUf.  NK01Jr>T.O(lV.     1811  TO  \m>. 


V.  S.  COAST  AND  GEODETIC  SlIRVEV. 


Under  TIT/*  will  be  found  in  alpliabetiral  order  the  names  of  tlioae 
ofticers  and  employes  of  the  Survey  who  have  die<l  in  its  servir.e,  and 
with  rej»:nr<l  to  wliom  memorial  nie<*tin^s  wore  hehl  or  obilujiry  iiotie(\s 
issued. 


Nuiiio  ainl  <;mUo. 


AIHhou,  Kichard.  Paiwed  MidsbipmnD  Ami  A<:Tinu:  Muster,  U.  S.  \. 
BHche,  AlexaiiderDallrtM,  Siiperiutt-nUeut.  181-1  1807 


Karlie,  Charles  M.,  A (w ml aut ,--.]  AjuMM,  18»0 

JBarlie,  Geur>;e  M.,  LioiitcnaDt  U.  S.  N.,  Assirttant,  U.  S.  t -iiast  Survey 

Uaclic,  lleu]^y  Wood.  SiilmHHiMtaiii 

Baker,  Witodn,  A sHiaUii t 

Barker,  JoliD  K.,DniiiglitAinau  and  Artist 

Jiaraard,  Henry  S..  Eii>;raver 

BUsell,  George  W.,  Hydrograpliir  Aid 

Blair,  Heurj-  Wayne,  Attsistaiit 

Bl ant,  Edmund,  AH.sistant 

Boutelle,  CliarleA  <  )t jh,  A  MHistaiit 


Cordidl,  Edward.  AHHintaut 

Cutt8,  Kicbard  D.,  AHHistant , 

In  cbur^Ee  of  thn  OlKco 

Dank  wort  h,  F.,  En^^raver , 

De  Koveu,  Williaiii.  VasmA  MidHhlpnian.  U.S.N 

DiekiuH,  Hiij^o  L..  AHHistaut 

Di^gH,  John  II.,  Mc8Henger 


Dorr,  Fr«'dei  irk  William,  AHaiHtant !  Dtv.  24. 1 S77 

Driukttid.C.L.  Clerk 

I>Ufr.J<diu  K..  Lieutenant  U.  S.  N.,  Assinlant,  U.  S.  ('irnnt  Survey  ... 

Fairfax,  Wilson  M.C.,  A.sniataut 

Farley,  John,  AN«iHt;int , 


Farquliar.  (ieorf;e,  lI;vdroj^apbic  Dranf;]itnniau 

Fauntleroy,  E.  IL,  Aid 

Fauntleroy,  B.  U.,  Aani^tant 

Feiidall,  Clarenee,  SiibaMaistant 

FoNter,  Jamea.  Passed  Middbipinan,  U.  S.  N 

Gerdea,  Ferdinand  H.,  AnaiAtaut 

Gilbert.  Samuel  A.,  AHsiatant  

(iilbert,  Wyllya  S..  Suba^jiiHtant 

Gluek.ilubn  1'..,  Aiidittant 


Kefereneo  to 

in  Annual 

Keport, 

or  dat^  of 

obituary 

notice. 

Pagea. 

1847 

45,  81. 82. 

1867 

•x\o  :«4. 

Apr.lM,  18JK) 

laiG 

23. 02,  ca 

187!) 

10,11. 

18:»2 

5.  67, 132. 

1884 

16. 

187r> 

10. 

1871 

15 

1885 

73.  76. 97.  08. 113. 

18G6 

8. 

1890 

84. 

June  25, 1800 

1870 

8.9. 

Dec.  15, 1883 

1881 

14.  15. 

iK-iO 

32. 

1851 

533. 

1844 

18 

1871 

15.16. 

IHv.24. 1S77 

1881 

55.  H\,  C4. 

1859 

32. 

1800 

30 

1874 

16. 

Aug.  a,  1874 

1880 

40 

1860 

31. 

l^GO 

47,110.117. 

18C8 

ti 

1847 

17. 

1884 

15, 10. 

1H68 

7,  8. 

18C2 

10. 

18:.2 

...2.-.  lUl. 

4:1  i 
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HuwIer.J.  J.R,,  AiHinlinl 

Hotu.Saiauel.UlsbunilnEAK'-BUlSlt-lxTT;  MlirjUiui.  Ih~  Ih 

BalD.HuTfB., Clerk   

nprEralidmcr.BdwlD.Aagiiilatit.KiKH'liii-t  ul  ilir  llr^iiniu;:  II 

U. 8. UoMt  •lid  Booilolii!  Survey  OUi.r' 

Herinn.M  O.,  AW  

.  llvorar,  JuliB  T.,  Chi.-f  of  (ht>  tliMi-ll.iUMiiis  llivlaiun.  I',  i^  Ui 

()<M<IMi<' Si<rvt-.v  OWve 

noiigL,S.J..AI.! 

Uniner  Churln,  AMiiUDI 

Iliinil.brli«,i-;.E.AI.l 

Monl.E.ll.,SIn|-.l'.S.EiiKlin«n.,AMi»tiim 

Biih.liln»oii,flBnhyT..Soilin){MwIer 

Jo]iii*l<nip,>l  T        ch>repur»iipltnnD 

Ksnfaer,  Ijiiiia.  imutbtiiTiiaii 

KJiu>lit]ue>  Ju]LiiH.t^ubHiriiliitiuit --,-•- 

Kul*lil,Jobu,KnKT»ver 

XoD(lriip,Jabnt;   Kdgnviir  

Uiqwt,W.lt.,Artln|lA<il  

HapM,W.II..InapM:Mn£KiiKini-rr 

McATIIinr.  Wlu.  P..  LImiI,.  V,  f*.  X.,  Ai.«iHUiiI.  r.aii  Srii .  ,■>  -  ■ 

UcClcry,  U.  J-,  tXnuKliianian 

VaCoj,  laiMiii.  Mall  MjMMiger 

llvI>(Uiii»1l,ThuiiiM,tnrbarEBurUa|iR(HilD 

TlBB.TrtMlBrlcbr   AaalataDi  

t)llji>*u>u.Ji>linG   AialiUiil 

O'.SiilllTan  ^,J  Dningblaninn,lucb;irii>-nrilrattln|!ll]vl>lnii 

OTer,Fr»nt,Aiiii«UiBlEl»<:li-dtjpli   

Vtiiant.  William  R..Ubj.,1T.  S.  TapoerapbUul  Kni^uwrn.  Ai 

incliBTEBor  Ibi^Coiut Survey  OfflielUSIu  \rvi  

P.lt*nHMi,C»rilleP..Sijp,Tinleiiil=nt,ia74-lMl 

i'»tt«r»on,W.P„WBlchman 

I'l'art.ArtliiirP.,  ll.varoKni.liirAia 

l>elr<-e,l><'iiJBinlii,Niipniiilandt'tit.l8<]T-IK7t 

(;uu«ulUBBG«oinelrr,  1871  l£B« 

Pl««uiIa,W.H.,Eul(luH'r 

Rni)i|>f.GoUli«b,Compiiti'r 

lhiA,Jowp)iB..AHUUD 

BiF   B  drocrapblc  Alil. 


JL.Ibijniii-nr 

LonkA.,  AMiaiat 

,J<^BK.,(;ai<t.  'Finiill.H.Artillrr; 
iMUr  I,  Biiic.Cpn..  r.K.  Vnlnut. 
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U.  S.  COAST  AND  GEODETIC  SURVEY-Contiiiued. 


Name  ttod  {(rade. 


Taney,  Edmiuad  L.,  SubassiBtaut 

Terrill,  William  R,  Brig.  Gen.,  U.  S.  Yolanteen 

Terry,  Carliale,  Jr.,  SatMsaiataut 

Tbompaon,  A.  W.,  Aid 

Th  roop,  J.  V.  N. ,  En  graver 

Totton,  Joaepb  Swift,  Lieut.,  U.S.  Artillery,  A ANistiiut 

Wadaworth,  Alexander  S.,  Asaiatant 

Walker.  Seara  C,  Aaaistant 

Watens  Richard,  Fireman 

Weat,  Benjamin  F.,  Subaaaiatant  

Wharton,  Edward.  Euf^raTing  Division    

Whyte,Joaeph.  Clerk 

Wiulock.  Joeeph.  Diroclor  of  Harvard  Collej^e  Obaervatory  and  As- 
tronomer for  the  Coast  Surrey 

Wiirdemann,  GustavuA,  Tidal  Obserrer 

Yeatinan,  A. ,  Master  Carpenter 


Reference  to 
iu  Annuul 

Rrtport, 

or  date  ot 

obituary 

notice. 

1 

May  10. 1K90 

I*aiEea. 

1862 

10. 

1887 

62. 

Mar.  14, 18K7 

1861 

2a. 

I860 

30. 

1853 

15, 167, 168. 

1862 

10. 

1853 

15. 166. 167. 

18SC 

118. 

1853 

15. 168, 16». 

1868 

tt. 

1858 

42. 

1875 

10. 

185» 

32. 

1884 

16. 

«    «   . 


'0  r. 


^A 


,4M 


it* A 

\W4 


■■■*T-«.i:  -.i-.c^T  I.  -■■  1 -3':. 


,>--■  ■*   ,tlmfk. 


^^     *<  ••'«     't'       .,•'     -JtAaf     l/      U^ 


1»»* 


n^  »•*  *  •  ^ 


.</    • . 


t  ^*  *  •  /*#  frw  'A^   4'  >A* .    •^■^•.'  •/  'i* 

U/l       'I  i'l«   iMlfl»«  Vrf    Mif    AlUiitii   f-irmt  '»f   thr 
tUitii'i\  Kf.ifi«  fiff  till   '.  i.ii  ih;/. 

'f  i«(*<   tMff|«a  f«rf    fill     f'rf'iii'    r<MHt  «il  t)i<< 

It'll  tuliU*  ffff   Mil    AfiMfitM- f-'iHUl  of  itif; 
lliiliitl  i'.UhM  for  ttifi  >i'iir  |j*7;i. 

I  hli.  lMtili4   rut     lhi<    I'm  nil    M»tl«t   flf  (llH 
I'mKmI  i-.liilin  fof  I  III   v«->i'  If^V.i 

I  lijii  ImIiIoh  lift    Ihii   A  HiiiilH' lOMiil  <if  |.h^ 
I'mHmI  MUlfN  III!  till    vi-iti   IKil. 


IN/I 


•iliU 


^    itUf-i. 
I*.   '.:ur-.i 

n  ::m. 


'-*  : 


ivi 


-  r^j. 


*.      »-n*.        J..: 


•4    '.'Ufi* 


i=  J«t.  S. 


_    irUMT**  A  3i)^bi;^   1<L  ^K 


Jir  L-ifll. 


ft  in-^ailL.:  ?^t.  31. 


.  V 


'*   i:r-'» 

Lx 

:i:.i2'a* 

I>o. 

'A  iimi*. 

Do. 

11  Jl  L'fno 

Do. 

'/j  lltof* 

lio. 

119.  rjino 

Ik). 

:.(».  rjtiio. 

Do. 

12l,12ino. 

Do. 

eo,  12010 

Do. 

It!-.'.  12IUU 

I»u. 
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18711     Tl.i.i  Ubi™ 


UetcrJpliuD. 


>r  tba  rMiflr  ramat 


TiAa  Iftliloi  for  the  Pacll 

tlqltiJ3Ut»«fiirlbejB 
Tlitii  lMi»  fur  the  Alln 

OnltM  Slitea  far  the  ye 
T<dfl  tuMn  for  the  Pull 

OiilleillJUUsHfartbayB 
Tills  ULhlei  ror  the  Atlwi 

VnliHl  Statu  for  Ibe  ye 
Tl.la  lablea  fur  the  Fii:ll 

UiiUedSliilfirartbeye 


B>  for  Ibe  i-»K  1878. 


I«80  ■  Ti<le  table*  fur  the  AtliDt<c( 


.r  the  Atlantic  o 
,«tortber«LrW 
01   lbs  Pkoiflc  i- 


Uuiled  SUlea  Tor 


I      United  i 

<  Tide  Ubl-w  for  tbe  AtliiDtic  mul 

Unileri  »l*tei  for  Ibe  year  ItsBi. 
I  Tide  taUee  for  tbr  FuIBf.  coiat 
.  Uoiied  SiBte*  ror  tbe  yeu  118S. 
I  TldslAl.le»  fiir  the  Aliutlccaut 

Uniled  Stulri  fur  Ibe  year  lUt. 

riAe  liblrMi  for  Ibe  Paciaa  ciNul  _. 

I      liultnl  -Slatva.  toEOther  wllb  arell 

I      tiiDi  Id  Lower  CiiliforDU,  Brltlib 

lambin.  and  Alaalia  Territory,  ror 
I      year  IHM. 
;  Tide  ubiea  for  the  Atlantic  (waat ' 

Uolled  IJIalea  fur  the  year  lStl7. 
\  Tide  Ubiea  fat  (ha  Paciae  coaat  i 

Duiled  HtMM.  togatber  witb  a  ta 


Modao 


Pampbb't 
(jrfw|. 
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Li»t  of  Ude  iableitfrom  tlie  dait  of  earliest  publication f  etc. — Coutiniied. 
U.  S.  COAST  AND  GEODETIC  SURVEY— Continued. 


Year  of 
publica- 
tion. 


1887 


1888 


1888 


1889 


1889 


1890 


1890 


Description. 


Tide  tables  Tor  tbe   rm'ilin  coaitt  of  the 
UiiitcHi  StateH,  toiretlier  wilb  a  few  8ta-  ■ 
tiouH  in  Lower  (inlitbriiia,  BritiMb  ('<>•  ^ 
lumbia,  and  AluHka  Tifrritorv,  for  tbe 
year  18W. 

Tide  tables  for  the  Atlantic  coaat  of  tbe 
United  States  for  tbe  year  1889. 

Tide  tables  for  tbe  Pacific  coast  ot  tbe 
United  States,  tocetber  with  a  few  sta- 
tions in  Lower  California,  British  Co- 
lumbia, and  Alaska  Territory,  for  the 
year  1889. 

Tide  tables  for  the  Atlantic  coast  of  tbe 
United  States,  tof^etber  with  206  sta- 
tions oa  tbe  Atlantic  coast  of  British 
America,  for  tbe  year  1S90. 

Tide  tables  for  tbe  Facitlc  coast  of  the 
United  States,  together  with  121  sta- 
tions in  Lower  California,  British  Co- 
lumbia, and  Alaska  Territory,  for  tbe 
year  1890. 

Tide  tables  for  tbe  Atlantic  coast  of  tbe 
United  States.  toK^tber  with  206  sta- 
tions on  tbe  Atlniitii;  coast  of  British 
America,  for  the  3'ear  1891. 

Tide  tables  for  the  Paciflc  coast  of  tbe 
United  States,  tojretber  witb  121  sta- 
tions in  Lower  California,  British  Co* 
lumbia,  and  Alaska  Territory,  for  the 
3  ear  1891. 


Number  of 

pages 
and  size. 


Mode  of  publioation. 


80, 12mo. 


242, 12mn. 
i9;12ma 


Paiupblet  [(jovermuent  Printing 

Othe^.J 


Do. 
Do. 


237,    large 
octavo. 


105.  large 
octavo. 


Do. 


Do. 


250.   large 
octavo. 


Ill,    large 
octavo. 


I 


Do. 


Do. 


f'ATAl.nf.rE  OF rOA!>T PILHT!i  Fon  THE  ATLANTIC  AXD  PACIFIC  COASTH 
llF  lUE  USlTEh  STATES  FHOM  THE  HATE  OF  EAI'.LIEST  FUHLtVA- 
TtOX  BV  THE  COAST  SUItlEy  TO  THE  YEAH  tS90. 

n.  S.  COAST  ANU  IIKODKTIC  I4UKV£7. 


Sil1lD)[  dlr»Di)ai»  to  ucaiDpftDy  thn 

the  irnfled  SI»toi.''S'lrIIt<5i!i'on°) 
PnlillibMl  I>e«Dibar,  lUu.     tiy  A. 


imrimlb/A 

^itlM  m   tE* 

yofCaUruroli. 

P.  Trowbridep,  V.  S.  EiiKlQmv. 
I  AulxUiit,  reUtlvn  to  Itoden  Bit 
I      and   Soutli    FanlloD  Ixlud,   Call- 

Eitnvin  from  lbs  rsimrl  of  Rub 
oHiitut  W.  U.  JabuHD  rrUlive 
lu)iiBrMlurF»orS.aUCnirlFliiud. 


^lUloenrofatmDettlriwIiaDK.IIotDf 
ilongets.  (lie ,  ppop»r«l  fut  pulilks- 

tvport  upon  tfa«  Ballipjc  direclioDi 
Jur  lilt-  uort  of  Ntw  York  suil  il« 
ApproHi^hpH.  lAk«1i  fTiiin   thp 


Riip*rlBUudsD 


dlre< 


,  A.  D.  Bacbe. 
[?.  S.Cout  Sumy. 
copy  or  thf  ultlnt 


llrH'torvrorthcPi 

Unltorf  SlM««,  I*; 

ptrluhMlllBIlt  of  I^D  UDit« 
Cout  Rurv«y  bv  OfiurjEe  t)j 
AmLsUdC  <n»I  nilltlon.' 
(BecoD<l  edlLloD. 


lited  S 


Th», 

Reporlor  Avilitai 
ralitire    to  tlie 

yont—Tbln   report,    whli 


— —  com!  PIlol  of 

piibllxtaed  In  Ibn  upi«  v< 
Huntti   TOlBniif.    wu   -- 
uil(I*d     far     publlr-ailu.     _ ,     . 
Uivulaan  nu  Novgiubar  M.  liwT. 


luka, 

■Hb- 
i-alluD    br    Mr. 


'  i:i>|Mirl    for  18S5    Appcndl): 


H.  qn^rio. 

1(C.  quiTtC 

1«,  qiurta 

ti 

t  fur   IBSS-Appendii 


KvpoTt  fur   1K»-App*iiilli 

an. 

(.'umbrid^f.    Printed  b* 
Allan  &  Famtaaiu.  ItU. 

Una  by  (>>•  LIfs  SavlDC 
BtntTolnl  A-WKlaUoa  uT 


CoHt  nnnsy  report,  IMS-.. 
AppandU'UI.  " 


I!.  S.  rOART  AXn  OEODETIC  SrRVKY. 
■  CiHiil  I'iM'  /or  iHi-  Alla«tie  aurf  Parifit  CoaiU,  etc. 
U.  S.  CUAST  AND  UKUDKTIC  Bt'ltVEr— (.^uallBDud. 


Hods  iif  pnlilloaUsD. 


'      faniU.   Onunn.   and    Wa-bincluu 
I      Terrllorr.    By    Jpore*   HnTiilwin. 

AMl>Ii>Dl,4J>«>>l3rirTa]l< 
ruJSoCoMt,   Cw.lUlolorAliifck.. 
I      jFlMt   |«n.)      Krum   mniMiern 

Iwiiudary    lo    Cwk'a   lu  et.      U.v 


Ci>»t  I>lli>t  fiir  tbs  AiUd  t  In  spn-Uuml. 
liulfof  Uiii  u.l  itn  (Wfl  f""" 
B>ui|Hir(  til  tliiHtnu.    IN71.     lly  .1.  . 


■Btlo  CuMi  ribH.     Ihwl 


N««  York. 

ion 

4tliniIir<i»«l'Uol.     Bo.Wnlkijl«     V 

AilauiisCmn  Pilot-    SKonwIiotBuJ  .  H 
Kanvumiirlt  Ka.va. 

IK9 

AdutK'  l-iWHl  filul.    ninrk  I<U«.1  1  H 
iiei  •«  auil  l'<.Tui>i<:  Bn.vii. 

WW 

Ailinilo  Cout  Pilar.     Luiii  l»U.ua     M 
Sou.,,1  .Dd  K«i  R  v-r. 

1»TB 

AtlHiiik-   Oiut   Pilut.      HiirlK>n   lu     t 

187» 

AiluuLloron.HCFbit.    SouilimnHlor    9ll 
Loui;  iBlniid.  ^vx'  Vurli  Bav,  aud 

nwiwd.  pnblbbod  rurb  In  Ihi-  .war 
#70.  oiinpriw  41  Mri.'H  lnti-nil«d  Is 

Ulued  1™  hn" e'vUri'i  1 II* ' uf  1  b-' A  t 

ins 

Atlantic  Coa<it   Plb>t.     Division    A.  '  « 

£:'«-»"•"■■  '»■■-• 

IKB 

AtliBllu  Lncal  OiHal  I'ilal.    Siibdl      1 

1H79 

AtlHiitic  La-al  Coant  Pllm.     Si.l-li.     1 
vIsIdd  i.    Frrucliiiiaiii.  Hi,,  n.  T»l.. 

l«71l 

Allaullu  Lwal  (jM.t  I'lb.l.     Siibill-     1 
vlaloul.     PvoolMcniKar  .11111  tnbii 
tirlea.     (Flrat  «ll1iau.| 

'"• 

Adantic  IxK-al  r-taK  PII..I.     Siibdl-     1! 

187S 

Atlautli'   Local  CuaM  Pllul.    SiiIhII-     u 
vitloo  S,    Cai«-  Small  Polni  tara|>u  ' 
Ann. 

ins 

AllaiiiK'  I.->ra1  Cwut   I'ib.t.    Siibdi- 

1 

vul. 

om 

UovnrDmuit  PriBtlnK 

urn 

Vul, 

r.uvaniiiirut  Prlmlnl 

v„l 

<;uvi'riiiiii-tilPrliiliaI 

1  vol.,  CoTenimont  PrlBtln^t 

1  vol  .      lovtlUlllUll  PriDtlDK 

Ultl.«.  1t!9. 


ofli 

OiTll 

a,™ 

PriBtliK 

1  vol. 

Offi 

«,"|g». 

■"" 

PriDliuf 

'oi 

Govnr 

"«" 

Priniii.1: 

Ofti 

r,"l87» 

■"•=" 

PHdUdb 

uni 

■»"■ 

PKatliC 

Wli"re."l"» 

■"•" 

PrtntlBK 

1  vol. 

Uo.« 

a..» 

FriatiiK 
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JOlXflD    lo    New    Turk.      iSecODil 
edtlioD.J 

Allude  Local  Cwil  Pilot.    SuUI- 
■nnon  7.      Hoiilga     ro   Monomo;. 
ISwoudodkloo.) 

AUaotlo  Local  Coaat  Pilot.    Snbdf- 
Tlaloofl.    NanlncliBt»nilVlii»jard 
SoiiDda.    (Second  cd< (Ion.) 

110.  .,oBrW, 

Atiantici  Local  {^oul  Pilot.    SdNII- 
vLIdhH    BDiurd'.iud  Narracaii- 
■Pttbay*.     (Second  edition.) 

l^lltier'nlaland  Soand*    Uardlnar'ii 
MdPecoBkBajs.  (Second*-] il lop. 

JO,  qimrto. 

Allanlla  Loal  Coa*t  Pilot.    SubdI- 
tldoElI.    J«DKl*Uod  Sound  anil 
Baat  RItot.    (Seroud  eilltlon.) 

K.  qnarlo. 

Atlantio  Locnl  Cuut  Pilot.    EsMi. 
vielonil.     IIirlH,™  in  L..nK  lilmd 
Sound.     (S™nd  edili™.i 

128,  quarto. 

Atlantic   Loral  Co»..t  Piloi.    Snhdi- 
Tliion    13,     Somh   loaat  of   Lone 
laland.  New  York  Baj.  and  iiod>oS 
Rlrer.     Oter.Dnd  MtlUon.) 

95.  qnarto. 

Load  (^t    Pilot    nnnil^Md   ... 

grpaniepnrt'iDf  tbe  lame  toIhd.b 
Allullo  Cout  Pllol,    Uivliion  B, 
IWIOn   to    Ne»    York    Oeoond 

compiled  jiBiljirBparM  for  publicji- 
tion  V  J-  fi-  rfraiiford.  A«fit.nt. 

Atlantis  LoMi  Coaat  rilot.    fiohdi- 
TiaiDD  14.     Nc*  York  (o  Delawarr 
«ntr*noc.     (Vlrst  Mlltlon  ) 

OS.  qiiatio 

Atlantis  Lvat  Coast  Pilot,    fiulnll- 

IM.  q..«rlo. 

llii|,   and  ti 


iirsl  (Jo»et  Pilot    HnMi-     Sf 
WlDjah  Bsf  111  Savan-  , 

iaI''^(Sri™r«1ltC)'^'  '"! 


It  Prlntiog 


Titian  ^1.     'I'vliro  Roailn  lojnpltar 

Attantlc  Local  CoMt  Pilot    Snbdi-     lU,  i|iui(o.  | 
viaiona  S-7.    Cape  Add  to  Hono-  , 
mo;.    (Tblrd  (dlUoD.I  '  > 


(MHcf,  1187. 

I  to].,  Uornnc 
OUoe,  IBS8. 


It  PtlDtiDB 


4fi2 


r.    S.    roAST    ANU    (iKODKTir    Sl-RVKY. 


Catuloifitt  nl'  runtt  I*iio(M  t'orlh  Atitiiilir  tnht  i'ttr'Uh  (nanta,  f7r.— roiitiiiiiOil. 
r.  S.  COAST  AND  <;E()I>ETir  SI'KVKV— Ontlniiwl. 


Yenr  of 
ptibli- 
ciition. 


Titlo. 


I 


1889 


1880 


1888  United  State*  Cnant  Pilot.  Atlantic 
CooAt.  Part  TV.*  I^in^  lalandSonnU. 
with  ajipHWclien  and  atUacrnt 
watnrs.    (FitHt  Hit  ion.) 

1889  '  United  StnteM  Coant  Pilot.     Atlantic 

(*oHi«t.     Pjirt  VI.    (Jlu'«HiM'iikc  Bay 
and  trilmtaricH.    (Firttt  eilition.) 

Atlantic  I..ocnl  ('uant  Pilut.    HiilMli 
Tiaion22.    Ktraitaof  Florida,  Jupi- 
ter Inlet  to  I>r3' Tortucaii.    (Fimt 
Mlition.) 

Pacific  Coant.  Coaat  Pilot  of  Cali- 
fornia. Orej^on.  and  Waiibinjst-on, 
l)v  (itrorfie  Davidaon,  Anairttant. 
(Fourth  edition.) 

NoTK.  — At  the  date  at  which  thi« 
Cataloeiie  coth  to  preKrt  tli«>n>  Iiha 
t>een  pnldiHhcd  another  voliinic  of 
theaerieadealKnatedHR  thf  "I'nit«Ml 
Statei*  (Niant  Pilot,"  wliii-h  ih  to 
appear  tlr^t  in  PartM,  and  l.itt'r  in  a 
large  volume  intended  to  i'lnhmre 
the  Atlantic  coaxt  of  thi-  I'nit-eil 
Staten.  The  title  of  thin  volume  ia 
"Uniteil  Rtatea  Coaftt  Pilot.  At 
lantic  Coaat.  Partn  1  ami  II.  From 
the  St.  Croix  Kivi>r  to  (-ape  Ann. 
(Kirat  edition.!" 


Niimlier  of 

pa^cN 

and  >«i/.i'. 


Niiiiii»er; 

of  chat  ta,' 

viewH,    j 

etc.       I 


Mode  of  publication. 


\^\  (lUiirto. 


135,  <]uarto. 


iO.  'jiinrto. 


721,  quarto. 


1&     1  vol.,  Gorernment  PriBtiDK 
Office.  1868. 


33     1  Tol..  Govrrnment  Prlntine 
;      Ott1<-e.  1889. 

i 

2  •  1  vol .  (■ovemment  Frio  tine 
Oftice.  1889. 


457     I  vol.,  Governmeiit  Printing 
Office.  188BL 


*Thin  volume  takejt  the  place  o''  SnlHlivislona  10, 11,  and  12,  Atlantic  Local  Cuaat  Pilot,  and  of  pp. 
304-549  of  Diviaion  B,  Atlantic  Coaat  Pilot. 


O.  S.  COAST  AND  GEODKTIC  SURrSY. 


DmiA  of  pabllca- 


Tumly-HBTralh  t; 


Norr-TtiK  li«t  ^bovs 
,  itumeA  In  publittaM  alto  <n 
Rc]Hii'l  No.  17D,  dunlRDiteil 
H  TwDIilj-nevanlh  Con- 

S-aea,  I  bird  KuiiiD,  ReiMTt 
ft  170,   HonM.  or  Kflpre- 

l.lat  rif  Cnut  Sarraf  ina|ui 


IMJ-IKM    lis.. 


KlKD.  HnaiinltefHirt 
(Rxpm.  of  tWIeot 
—  im  Coul  Bnmi; . ) 


33  :  TbirtT  AntCinprrmi  Antnaa- 

I      Klon.    HenAMEx.  Itnr,  Nn.n. 

I      (Report  of    SapBrialnnilrat 

OoMt  SDFTny  for  IMS.     Ap- 

I      j«ILd[K  No.  Z,bif.> 

4:1  I  TliirlT-IInt   Conrren,  MKWid 

MWlnn.    EIoawEi.Doo.Nix 

la.     (Rapun  "I  HapsrloiBO. 


i«rint*Bdivl 


pPDillll 


tblrli.tfainl  (.'anireiK.  flrat 
■a-sioD.  EiacutlTO  H,  »<*n 
mt4',  (R'pnrtnrSnpvTuit^tnil. 
-nr  Cni.t.  Hi.rrrv  f»r  lUa. 
A  pp^ndu  .^  1 
hirii  ibml  ("miErwi, ilwonfl 

vailSJ^l^^t,"  A°pp«nrt%3L| 
TbirtTronrlb   (^ncmM,  Srs' 


184:--I»>S     UatofCnaatSrney  ihbi 
j      prelliuinary  rh*rta,    ■ 

ET^pblcally  unpj{MI. 


VII. 


NOTICES  TO  MARINERS  FROM  THE  DATE  OF  EARLIEST  PUBLICATION 

BY  THE  COAST  SURVEY  TO  THE  YEAR  1S90. 

This  lint  begins  with  the  earliest  separate  publication  of  these  notices 
on  file  in  the  Coast  and  Geodetic  Borvey  Office.  The  annual  reports 
previous  to  1860  contain  many  such  notices  in  the  form  of  communica- 
tions from  the  Superintendent  to  the  Secretary  of  the  Treasury,  with 
requests  that  authority  be  given  to  publish  for  the  benefit  of  mariners. 
The  separate  publications  of  these  notices  since  1869  are  for  special 
distribution,  and  are  supplementary  to  the  publication  formerly  made 
and  still  continued  in  the  leading  commercial  and  nautical  .journals. 
For  general  lists  of  discoveries  and  developments  see  the  Reports  from 
1850  to  1864,  inclusive. 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


yum- 
l)«r. 


Date 
of  notice. 


^ 


lP69,.Taly  12 
1872,  Jmu  22 
1874,  June  90 

1874.  Oct.   10 

1875,  Jnn.  14 

2  1^75.  Jan.  26 

3  i  1875,  Feb.  10 

4  j  187.^  May    4 

I 

C  ,  1875.  May    7 

6  1875,  May  20 

7  \  1876,  Jnly  24 

8  1875,  Sept   4 
! 

0     L875,  Sept  20 

10  '  1875,  Nov.   4 

11  I  1876,  Feb.    8 

12  I  1877,  May  16 

13  1877,  Dec.  15 

14  i  1877,  Dec.  21 

15  I  1878,  Mar.    7 

15  ;  1878,  Jane  15 

16  1  1878,  May    9 

17  j  1878,  July  16 

18  1879,  Jnne  27 

19  1879,  June  27 
4G6 


Title. 


Notice  to  Mariners.  Pacific  Goaat    Shoal  off  Cape  Reyee,  California. 

Notice  to  Mariners.  Atlantic  Coast    East  coast  of  Florida.    St  Laoie  Shoal. 

Notice  to  Mariners.  Northwest  coast  of  America.    Aleutian  Islands. 

Notice  to  Mariners.  Atlantic  Coast    Long  Island  Sound. 

Notice  to  Mariners,  No.  1.    Atlantic  Coast    Sailing  directions  for  St.  Angus* 
tino  Harbor. 

Notice  to  Mariners,  No.  2. 
ter,  Oregon. 

Notice  to  Mariners,  No.  3. 
California  and  Oregon. 

Notice  to  Mariners.  No.  4.    Pacific  Coast.    Additional  peaks,  Noonday  Rock, 
entrance  to  San  Francisco  Bay,  California. 

Notice  to  Mariners,  No.  5.    Pacific  Coast    Sunken  rock  off  Cape  Mendocino, 
California. 

Notice  to  Mariners,  No.  6. 
Bay,  California. 

Notice  to  Mariners,  No.  7. 

Notice  to  Mariners,  No.  8. 


Pacific  Coast    Sailing  directions  for  Macks  Shel- 
Pacific  Coast    Sunken  rock  off  the  boundary  of 


Pacific  Cosat.    Sunken  Rocks.    San  Luis  Obispo 


Pacific  Coast    Shoal  near  South  Farallon. 

Pacific  Coast    Dangerous  nhoal  in  the  northern 
approach  to  San  Miguel  Passage. 

Notice  to  Mariners,  No.  9.    Atlantic  Coast.    Approaches  to  Chesapeake  Bay. 
Wreck  12  miles  to  the  southward  and  eastward  of  Cape  Henry. 

Notice  to  Mariners,  No.  10.    Atlantic  Coast.    Ledge  in  Delaware  River. 

Notice  to  Mariners,  No.  11.    Gulf  of  Mexico.    Positions  of  wrecks  at  the  en- 
trance of  PensacolaBay,  Florida. 

Notice  to  Mariners.  No.  12.    Atlantic  Coast    Chesapeake  Bay.    Wreck  off 
New  Point  Comfort,  Virginia. 

Notice  to  Mariners,  No.  13.    Atlantic  ( ^nast     Wreck  ofi*  ("nrrituck  Beach, 
North  Carolina. 

Notice  to  Mariners,  No.  14.    Gulf  of  Mexico.    Oheervations  upon  northers 
and  Aoutheast  gales. 

Gulf  of  Maine.    Tidal  currents  at  entrance. 

Gulf  of  Maine.    Tidal  currents  at  entrance.    [Sec- 


Notice  to  Mariners,  No.  l.'S. 

Notice  to  Mariners,  No.  15. 
ond  edition.] 

Notice  to  Mariners,  No.  16. 
of  a  beacon. 

Notice  to  Mariners,  No.  17 

Hyanuis  Harbor. 
Notice  to  Mariners,  No.  18. 

eu I  ranee  of  WilniiiiKtou  Huibor,  California. 

Notici*  to  Mariuors.  No.  19.    Coast  of  Alaska, 
middle  passage  to  Sitlia  Harbor,  Alaska. 


Atlantic  Coast.    Florida  Reefs.    Disappearance 

Atlantic  Coast.    Nantucket  Sound.    Wreck  in 
Pacific  Coast    Depth  of  water  over  the  bar  at 

Location  of  Keen  Rook  in  tha 
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yoiicfs  to  marinn'fiffom  the  date  of  carlieH  puh1ivat\on,  etc. — Continnrd. 

U.  S.  COAST  AND  GKODRTIC  SirUVEV. 


Num- 
ber. 

Date 
of  notice.   • 

20 

1879,  JuD«27 

21 

1879,  Jnly    9 

22 

1879,  Jnlj  14 

23 

1879.  Jnly  25 

24 

1879,  Oct.   14 

2.1 

1 
1879.  Nor.  15 

2C 

1880,  June  7 

27 

'  1880,  Dec  16 

28 

1881,  Apr.  26 

29 

1881,  Apr.  27 

30 

1881,  June   1 

31 

1881,  Jane  1 

32 

1881,  July  20 

Xi 

1881,  Nov.  10 

31 

1882,  Aug.  24 

Title. 


Notice  to  Karinern,  No.  20.  Atlantic  Coast.  Closing:  of  New  Tnlet,  month  of 
Cape  Fear  River,  North  Carolina. 

Notice  to  Marinen,  No.  21.  Atlantic  Coant.  Increased  depth  of  water  at  en- 
trance of  Cape  Fear  River,  North  Carolina. 

Notice  to  Mariners,  No.  22.  Atlantic  Coast  Sunken  wreck  in  the  track  of 
vessels  miming;  alouj;  the  New  Jirrsoy  coast. 

Notice  to  Mariners,  No.  23.  Atlantic  Coast.  Development  of  Johnsons  Rock, 
CascoBay,  Maine. 

Notice  to  Mariners,  No.  24.  Atlantic  Coast.  Dangerous  rock  near  Isle  of 
Wight  Shoal,  coast  of  Maryland. 

Notice  to  Marinoi's.  No.  25.  Atlantic  Coast.  Development  of  Schuylers  Ledge, 
off  Sakonnet  Point,  Rhode  Island. 

Notice  to  Mariners,  No.  26.  Pacific  Coast.  Development  of  dangerous  rocks 
near  Fort  Ross,  (Jalifornia. 

Notice  to  Mariners,  No.  27.  Atlantic  Coast.  Sunken  wreck  in  entrance  to 
Rappahannock  River,  Virginia. 

Notice  to  Mariners,  No.  28.  Atlantic  Coast.  Improvements  of  rivers  and 
harbors  on  the  coast**  of  Maine  and  Massaohusetts,  under  the  direction  of 
Gen.  George  Thorn,  Engineer  Corps,  U.  S.  Army. 

Notice  to  Mariners,  No.  29.    Atlantic  Coast.    Connecticut    Breakwater  in 

Srocess  of  construction  to  the  westward  of  Bartletts  Reef,  Fishers  Island 
onnd. 

Notice  to  Mariners,  No.  30.  Atlantic  Coast.  Sunken  wreck  off  the  east  coast 
of  Florida. 

Notice  to  Mariners,  No.  31 .  Pacific  Coast.  Reported  dangers  in  the  approaches 
to  St  Paul  Haflior,  Kadiak  Inland,  Alaska. 

Notice  to  Mariners.  No.  32.  Atlantic  Coast  New  shoal.  Fry ing-Pan  Shoals, 
off  Cape  Fear,  North  Carolina. 

Notice  to  Marlneni.  No.  33.  Atlantic  Coast  Development  of  Fiske  Rock, 
Narragansett  Bay,  ltlio<le  Island. 

Notice  to  Mariners,  No.  34.  Atlantic  Coast.  Dangerous  rock  in  eastern  en- 
trance to  Finhors  Island  Sound. 

Note. — The  greater  number  of  the  above-named  notices  are  printed  some- 
what as  handbillH,  in  large  type  for  easy  reading,  and  occupy  about  one  page 
quarto. 

Notice  to  Mariner-*,  No,  3.'».  A  tlantic  <  'oast .  Dangerous  rorkH  in  western  jiart 
of  Fishers  Island  Sound.    Appruachen  to  New  London  and  Mystic  Harbors. 

Notie4^  to  Muiiners.  No.  :{0.  Atlantic  Coast.  Sunken  wreck  in  the  track  of 
vessels  along  the  New  Jers««y  coast. 

Notice  to  Mariners,  No.  37.  Atlantic  Coast  Wreck  in  the  I  rack  of  vessels 
along  the  east  coa^t  of  Florida. 

Notice  to  MarinerH,  No.  38.  Pacific  Coast.  Discovery  of  a  rock  in  Surge  (or 
Southern)  Narrows,  Peril  Sti-ait,  southeast  Alaska. 

Notice  to  Marinern,  No.  :i9.  Atlantic  Coast  Wreck  in  the  track  of  coasting 
vessels  off  New  Jersey. 

Notice  to  Mariners,  No.  40.  Atlantic  Coast.  Dangerous  rook  off  Warrens 
Point,  Rhode  Island. 

Notice  to  Mariners,  No.  41.  Atlantic  Coast  Dangerous  rocks  riHjentlv  re- 
ported on  the  coast  of  Maine,  near  Muscongus  and  Ikwth  Bays.  Wreck  off 
Tarpaulin  Cove,  Vineyard  Sound. 

Notice  to  Mariners,  No.  42.  Atlantic  ('otist.  Rock  reported  in  Eggemoggin 
Reach,  Maine.  Rocks  in  EsMt  Kiver,  New  York,  near  North  Brother  and 
Rikers  Islands. 

Notice  to  Marinera,  No.  43.  Atlantic  Coast.  Dangerous  shoals  off  Cape  Hen- 
lopen,  Delaware. 

Notice  to  Mariners,  No.  44.  Atlantic  ('oast.  Wreck  in  Potomac  River,  near 
Black  istone  Island. 

Notice  to  Mariners,  No.  4.5.  Atlantic  Coast  Dangerous  shoals  in  Monomoj- 
Passage. 

Notice  to  Marinen,  No.  46.  Pacific  Coast.  Notes  on  dangers  in  Neva  and 
Peril  Straits  and  anehorages  in  Fish  Bay,  Southeast  Alaska. 

1881,  May  28  >  Notice  to  Mariners,  No.  47.    AtUintio  Coast    DangeroiLs  ledger  in  Fisherv 
I      Island  Sound. 


3:> 

1883,  Jan.  14 

36 

1883,  May  14 

37 

188.3,  June  8 

38 

1883.  June  19 

39 

1883,  June  22 

40 

1883,  Oct   31 

41 

1883,  Nov.    9 

42 

1883,  Nov.  13 

43 

1883,  Nov.  26 

44 

1883,  Dec.    8 

45 

1884,  Mar.  20 

40 

1884,  May  27 

47 

1881.  May  28 

468 
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Xoticea  to  Marinrvs  from  the  dote  of  the  earticHt  puhliration,  f/f.— Continued. 
U.  S.  COAST  AND  GEODETIC  SUKVEY -ConUniiwl. 


Ntim-  :         T)ftt« 
ber.        of  notice. 


48  1884.  May  81 

49  1884.  June   1 


Title. 


.SO  1885,  Mar.  23 

60  1886,  Mar.  23 

61  1885,  Jane  12 

62  1885,  Jaly    1 

63  1885,  Aug.  24 

64  1885.  Oct.     6 
Qii  1885.  Oct.    12 

66  lj-85,Oot.   21 

67  188'.,  Oct.   21 


Notice  to  Mariners,  No.  48.  Atlantic  Coast.  Dangeroos  rock  in  East  Rirer, 
New  York. 

Notice  to  Mariners,  Nn.  40.  Atlantic  CJoasL  Dangerous  le<1j;e  in  Englishmans 
Bay,  coaat  of  Maine. 

50  18^.  June  10  i  Notice  to  Mariners,  No.  SO.    Atlantic  Coaet.    Development  of  ledges  oflTMinnta 

Led^e  Lighthoase.  Massachusett-d  Bay. 

51  1884,  June  30    Notice  to  Mariners,  No.  51.    Atlantic  Coast.    Important  changes  at  and  near 

Cape  Henlopen. 

58    1884,  Aug.  11  •  Notice  to  Mariners,  No.  52.    Atlantic  Coast.    Dangerous  rock  in  East  Kiver, 
j      New  York.  ^ 

53  ■  1884,  Sept.  15    Notice  to  Mariners,  No.  53.    Changes  in  the  pilotage  laws  of  the  port  of  New 

Yorli. 

5i    1884.  Oct.     7  '  Notice  to  Mariners.  No.  54.    Atlantic  Coast.    Rooks  recently  reported  on  the 

coast  of  New  England. 

55  :  1881.  Nor.    1  ,  Notice  to  Mariners,  No.  55.    Atlantic  Coast.    I.  Dangerous  leilgea  developed 

in  the  resurrey  of  Long  Island  Sonnd.    II.  Le«lge  near  Seal  Rock,  Rhode 

j  Island. 

56  1884,  Nov.  15 !  Notice  to  Mariners,  No.  56.    Atlantic  Coast.    Shoal  dereloped  in  Vineyard 
!      Sonnd. 

57  I  1884,  Nov.  i:»  i  Notice  to  Marines,  No.  .'iT.    P.-u'itic  Coast.    Discovery  of  a  rock  in  SecnHty 
I      Bay,  Kuin  Island.  Chatham  Strait,  Alaska. 

58  1885,  Feb.  10  i  Notice  to  Mariners.  No.  r>8.    Atlantic  Coast.    I.  Development  of  shoals  in  Nar- 

ragansett  Bay,  Rhmle  Inland,  and  Blix'k  Island  Sound.    II.  Development  of 
Sabine  Bank,'  ofl  Sabine  Pass,  (inlf  of  Mexico. 

Notice  to  Mariners,  No.  59.  Atlantic  Coast  Changes  in  main  ship-channel, 
Vineyard  Sound. 

Notice  to  Manners,  No.  60.  Taciflc  Coast.  Sailing  directions  for  Wrangell 
Strait,  Alaska. 

Notice  to  Marinern,  Xo.  61 .  Pacific  Coast.  Sailing  directions  for  inland  jpsH- 
sage  between  Sitka  Harbor  and  Ilooniah  Sound,  through  Olga  Strait.  Neva 
Strait,  and  Peril  Straits,  AlaskfL 

Notice  to  Mariners.  No.  62.  Gulf  of  Mexico.  ShoalMeveloped  near  Marquesas 
Keys.  Florida. 

Notice  to  MarinerR,  No.  63.  Atlantic  Coast.  Ledges  developed  in  the  resur- 
vey  of  Long  Island  Sound. 

Notice  to  Mariners,  No.  64.  Atlantic  Coast.  Dangerons  rock  developed  in  the 
resurvey  of  liJast  River.  New  York. 

Notice  to  Mariners.  No. (i.'i.  Atlantic  (.oast.  Dangers  developed  in  the  resur- 
vey «f  East  River,  New  York. 

Notir«  to  Mnriner<«.  No.  fiO.  Atlantic  Coast.  Development  of  bar  between 
ThatohiTH  iMland  and  Milk  iRlnnd.  Massachusetts 

Notice  to  MnriniTs,  No.  67.     .Vtlantic  Coast.    Le<lge  developed  in  Boston  Bay, 
j      Mas.««arhusetts.  . 

68    18^5,  Nov.  20  '  Notice  to  MarinerH,  Nti.  6K.     Atlantic  Coast.    Dangers  developed  in  the  resur- 
vey of  Eant  River,  Nrw  York. 

60  '  188.').  Nov.  20  i  Notice  to  Mariners,  No. 69.     Atlantic  Coast.    Important  changes  in  Monomoy 

PaHRage,  MassucUuseliH. 

70  1885,  Nov.  ?0  j  Notice  to  Marinen*.  No.  7U.    Atlantic  Coast    Ledge  developed  in  Fishers 

'       (Mhmd  Sound,  ("onnecticut. 

71  1885,  Dec.    7  I  Notico  to  Mariners,  No.  71.    Atlantic  Coast    Examination  of  dangers  reported 

on  tlio  cna.st  of  Maine. 

72  l«86,  Mar.  31     Notice  to  Mariners.  No.  72.*    C-oast  of  the  United  States.    Chart  corrections 

1      during  the  f|uarl«'r  «>nding  March  31,  1886. 

73  1886,  May  12     Notice  to  Maiinei.s  No,  73.     Dangerous  wreck  on  Charleston  Bar. 

74  1H86,  May  21  i  Notice  to  Mariners,  No.  74.    Atlantic  ("oast.     Dangerons  wret^k  on  Charleston 

Bar.     (A<ldition  to  Notice  to  Mariners,  No. 73.) 

75  i  1880,  May  31  |  Notice  to  Mariiier.H.  No.  7.').     Atlantic  Coast.     Danger  developed  in  the  resur- 

vey of  Kasl  River.  New  York. 

76  188(i,  Jnne30  '  Notice  t4i  Mariners  No.  76.    Coast  of  the  Uniteil  States.    Chart  corrections 

j      during  the  ipiartvr  onilin>;  June  .30, 1886. 

77  1886,  Sept  30  \  Notice  to  Mariners,  No.  77.    Coast  of  the  United  States.    Chart  corrections 
;  I      during  the  quarter  ending  September  30, 1886. 

*  NoTR.— This  was  the  tir.^t  number  of  the  quarterly  series  of  the.se  notices,  the  publication  of 
which  was  recommended  by  the  llydrographic  Inspector. 
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Xotices  to  Afannersfrom  the  date  of  the  earliest  puhlieationf  etc. — Coutiuiied. 
U.  S.  COA^ST  AND  GKODBTIC  SURVEY-Conliiiuetl. 


Nnm- 
ber. 

Date 
of  notice. 

78 

1886.  Oct  13 

79 

1886,  Oct   15 

80 

1886,  Oct  23 

81 

1886,  Not.    8 

82 

1886,  Dec.    1 

83 

1886,  Dec.  31 

84 

1887,  Jan.    8 

85 

1887,  Mar.  81 

8G 

1887,  Apr.  16 

87 

1887,  Jnne  9 

88 

1887,  Jane  30 

89 

1887,  July  30 

89-92  :  1887 


93 

94 

95-96 

97 
98-109 


1887,  Nov.  8 
1887,  Nov.  22 
1887 


1888,  Jan.     9 
1888 


Title. 


110  113 
114 

115  117 
118 

1  \9-12:i 


1889 

18^,  May    1 

1889.  Aug.  15 
18H9 


124-135  ;  1890 


136 


1890.  Dec  31 


Notice  to  Mulners,  No.  78.  Atlantic  Co^t  Velocity  and  direction  of  the 
Gulf  Stream  between  Fowey  Rocks,  Florida,  and  Gon  Cay,  Bahamas. 

Notic4>  to  Mariners,  No.  79.  Atlantic  Coast  Development  of  shoals  olf  False 
Cape,  Virginia. 

Notice  to  Marinerfs  No.  80.  Atlautic  Coast  liCdges  developed  in  the  reear- 
vey  of  Long  Island  i»ound. 

Notice  to  Mariners,  No.  81.  Coast  of  the  United  States.  Correction  of  a& 
error  in  Notice  to  Mariners.  No.  77. 

Notice  to  Marinern.  No.  82.  Atlantic  Coast.  Ledge  developed  in  East  River, 
Now  York.  *  K  , 

Notice  to  Mariners,  No.  83.  Coast  of  the  United  States.  Chart  corrections 
daring  the  quarter  ending  December  31,  1886. 

Notice  to  Mariners,  No.  84.  Atlantic  Coast.  Obttraction  to  navigation  in 
the  Galf  Stream. 

Notice  to  Mariners.  No.  85.  Coast  of  the  Unit«Hi  States.  Chart  corrections 
daring  the  quarter  ending  March  31, 1887. 

Notice  to  Mariners,  No.  86.  Atlantic  Coast  Dangerous  sanken  wreck  in 
Long  Island  Sound. 

Notice  to  Mariners,  No.  87.  Atlantic  Coast.  Shoal  spot  on  rocky  ledge  off 
Eatons  Point,  Long  Island  Sound,  New  York. 

Notice  to  Mariners,  No.  88.  Coast  of  the  United  States.  Chart  corrections 
during  the  quarter  ending  June  30,  1887. 

Notice  to  Mariners,  No.  89.  Coast  of  the  United  States.  Chart  corrections 
during  the  month  of  July,  1887. 

NoTB. — With  this  number  was  begun  the  monthly  teries  of  these  notices, 
as  follows : 

Nos.  89  to  92,  iuclusivc.  Chart  corrections  for  the  months  of  July,  August  Sep- 
tember, and  October,  1887. 

Notice  to  Mariners  (1887),  No.  93.  Atlantic  Coast.  Dangerous  rook  in  Vine- 
yard Sound,  Massaciiusetts. 

Notice  to  Mariners  (1887),  No.  94.  Coast  of  the  United  States.  Gulf  Stream 
curi«;pts. 

Nos.  95  and  96.  Chart  corrections  for  the  months  of  November  and  Decem- 
ber, 18)<7.  4 

Index  to  U.  S.  Coast  and  Geodetic  Survey  Notices  to  Mariners  (Nos.  1  to  96). 

Notice  to  Mariners,  No.  97.  Coast  of  the  United  States.  Coast  currents  ap- 
proaching Sandy  Hook. 

Nos.  98  to  109,  iuclusivt*.  Chart  corrections  for  the  months  of  January,  Febru- 
ary. March,  April,  Mav,  June,  July,  August,  Sttptember,  October,  Novem- 
ber, and  December,  1888. 

Index  to  U.  S.  CosMt  and  Geodetic  Survey  Notices  to  Mariners  published  dur- 
ing 1888  (Nos.  97  to  1U9). 

U.  S.  Coast  and  (imxletic  Survey.  Index  to  chart  corrections.  January  1  to 
Dec«)mber3I.  18s8. 

Nos.  110  to  113,  inclusive.  Chart  corrections  for  the  mouths  of  January,  Feb- 
ruary, Maich,  and  April,  1889. 

Notice  to  Mariners  (1889),  No.  114.  Atlantic  Coast.  Off-shore  current  observa- 
tions.   Information  of  special  importance  to  mariners. 

NoH.  115  to  117,  inclusive.  Chart  correi'.tions  for  tlie  months  of  May,  Juue.  and 
J  uly.  1889. 

Notice  to  Manners  (1889),  No.  118.  Information  conceruing  U.  S.  Coast  and 
Geodetic  Survey  charts. 

Nos.  119  to  123,  inclusive.  Chart  corrections  for  the  months  of  August,  Sep- 
tember, October,  November,  and  December,  1889. 

U.  S.  Coast  and  Geodetic  Survey.  Index  to  chart  corrections,  1889.  January  1 
to  December  81. 

Nos.  124  to  135,  inclusive.  Chart  corrections  for  the  months  of  January,  Feb- 
ruary, March,  April.  May,  June,  July,  August,  September,  October,  Novem- 
ber, and  December,  1890.* 

U.  S.  Coast  and  Geo<letic  Survey.  Index  to  chart  corrections.  January  I  to 
December  31, 1890.    (Notice  t4>  Mariners,  No.  136.) 


VIII. 

BVLLET/XS. 

Bulletin  s  are  issued  bj'  the  Survey  from  time  to  time  as  material  for 
them  accumulates.  They  are  intended  to  give  esirly  announcement  ot 
work  accomplished  or  information  of  imiK)rtance  ol)taine<l,  and  will  in 
many  cases  anticipate  the  usual  means  of  imblication  afforded  by  the 
•Annual  Reports.  The  pages  are  numbered  consecutively,  and  will  be 
indexed  when  their  number  demands  it,  thus  augmenting  their  value 
for  preservation  and  reference. 


No. 

1 

2 
3 

4 

6 


8 


9 
10 


11 


12 


Date  of 
publication. 


1888,  May  14 
1888,  June  20 
1888,  Auk.  — 

1888,  May  26 

1888,  May    1 

li«88,May    5 

1888. June   7 

1880,  Feb.  18 


1889.  June  15 
lH89,Jau.  au 


1&J9,  Apr.  'J:{ 
1889.  Mar.  UO 


h 


la     1889,  OvL     7 

14  I  1889,  Nov.  21 

15  1889,  Nov.  30 
IG     1889,  Oct.     7 

17  1889,Juuel5 

18  1890.  Fob.  18 

19  1S90.  Mar  15 
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Title. 


Kf^cent  Publicutiou8 

Notes  on  Alaska  I'roni  Keceut  Surveys 

Tidal  Levels  and  Flow  of  Currents  in  New  York  Bay  and  Harbor.  (Two 
illustrations.)    By  Henry  L.  Marindiu.  Assistant. 

Resources  of  and  Developments  in  Alaska.  By  (jeorge  Davidson,  As- 
sistant. 

The  VHlne  of  the  "Arcane  del  Mare'*  with  reference  to  our  knowled|;e  of 
HbeMa|(net1v  Declination  in  the  earlier  part  of  the  Seventeenth  Century. 
By  Charles  A.  Schott,  Assistant.    (Two  illuBtrations.) 

Secular  Variation  in  the  Position  of  the  Anionic  line  of  the  North  Atlantic 
and  of  Anirrica,  between  the  epoclis  1.500  and  1900  A.  D.  By  Charles  A. 
Schott.  Assistant.    (Three  illustrations.) 

Historical  Keviow  of  the  work  of  the  Coast  and  Geodetic  Survey  in  con- 
nection with  terrestrial  magnetism.  By  Charles  A.  Si^hott,  Assistant 
(Four  plates.) 


Currents  of  New  Tork  B:iy  and  Harbor.    Conipiletl  by  B.  A.  Culonua,  As- 
sistant, fron^he  notes  < 

ant.     (Seroiiu  edition.) 


sistant,  froni^he  notes  of  a  physical  surve 


>nipile4l  by 
yb>  H.  L. 


Marindiu,  Assist- 


Noi'K.— This  supersedes  the  first  edition,  the  issue  of  which  was  sup- 
pressed. 

On  the  Relation  of  the  Yard  to  the  Metre.     By  O.  H.  Tittuiann,  Assi-stant. 

Kei>ort  on  the  Suuuds  and  Krituaries  of  Nurtli  Carulina  with  rt* ferfui-e  to 
Oyster  (hilture.  By  Fiancis  Wiuslow,  Lieutenant,  IJ.  S.  N,  Assistant, 
(I.  S.  (/oast  and  GetMietic  Survey,  Coujiiiaudin^  sclioeuer  St-oresby. 
(Three  illustratii>ns.) 

Deteriuinatious  of  I^atitude  and  Gravity  fur  the  Hawaiian  Governnieut. 
By  R.  I).  Preston,  Asaistant.     ((J|ue  plate  and  tliree  pro}(reHS  maps.) 

A  Syphon  Tide-Gauee  for  the  ojien  Sf:u'«>ast.  By'llenry  L.  Marindiu, 
Assistant.    (One  plate.) 

Telegraphic  De(eriiiiuation  of  the  Louj^itude  of  Muunt  llauiiltou,  Cali- 
fornia. Fieldworlv  liy  C  H.  Sinclair,  Assistant,  and  R.  A.  Marr,  Subas- 
sistant.    Rejiort  by  Charles  A.  Schott,  AssiMtant. 

Approximate  Tinie.H  of  (yUlniination.M  and  Klongations  and  of  the  Azi- 
muths ai  Elongation  of  Polaris  tt»r  the  ye^rs  between  1889  and  1910. 
Prepared  for  pnbHcatii>u  by  Charl^'S  A.  Schott,  AsMistaut. 

Verification  of  Weij^hts  and  Measures.  By  O.  H.  Tittiuunn,  A.HsiH(aut. 
(One  plate.) 

DeMcriptiou  of  two  new  tranxit  instruuienta  for  hmgitude  work.  Con- 
structed at  the  otliee  of  the  Survey  from  desi^urt  by  Kd>^  in  Smith,  As- 
sistant.    (One  plate.) 

The  relation  bi-twecn  the  Metric  Standards  of  Lenj^th  of  ttie  T.S.  Coast 
und  Geodetic  Survey  and  the  U.  S.  Lake  Survey.  A  report  by  C.  A. 
Schott  and  O.  ILTittmaun,  Assi.staittH.  Coa«t  and  Geodetic  Survey. 

Table  for  the  Reduction  of  HydrometerObHervalions  of  Salt- Water  Densi- 
ties.    Prepared  for  publication  by  O.  H.  Tittniann.  Assistant. 

On  the  Sounds  and  Kstuaries  of  Georjria  with  reference  to  Oyster  Culture. 
A  report  by  J.  C.  Drake,  Eusi|su,  V.  S.  N.,  Assistant,  U.  S.  Coast  and  (Jeo- 
detic  Survey,  <\>mmttndinK  schooner  Reaciy,  1889  189U.    (Seven charta.) 


Pa«;es. 

1 

3-0 

7-12 

13-^24  ' 

25-28 

a»-43 

35-40 

41-43 


45-50 
&1  136 


137-142 
143-140 
147-150 

151-155 

l.'>7-158 
101  164 

1C5-173 

175-177 
179-20» 
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BulleHn9 — Continued. 
U.  S.  COAST  AND  GEODETIC  SURVEY. 


No. 

Date  of 
pnblicatioii. 

Title. 

• 

Pftgea. 

30 
21 

1800,  Dec  12 
1890,  Deo.  12 

The  If  agnetio  ObeerratioiM  made  on  Beriag't  First  Voyage  to  theCoaata 
of  Kamchatka  aod  Baatern  Aaia  in  the  years  1725  to  1780.    Diacnsaion 
by  C.  A.  Schott,  Assistant. 

Determination  of  an  Azimnth  from  Micrometrlo  Obseryatlons  of  a  Close 
CircnmpoLar  Star  near  Elongation,  by  means  of  a  meridian  or  transit 
and  equal  altitnde  instrament  or  by  means  of  a  theodolite  with  eye- 
piece micrometer.    Keiwrt  on  method,  and  example  of  compntation  oy 
Charles  A.  Schott,  Assistant.    Observations  by  A.  T.  MosmAo.  As- 
sistant. 

211-214 
215-218 

ALPHABETICAL  INDEX  TO  DESCRIPTIVE  CATALOGUE  OP 

PUBLICATIONS. 


Annual  reports  and  other  (ioouments 366-37G 

Annual  reports  ol'  office  operations 451, 452 

Are  uieaMirt^s  and  local  deflection  of  the  plumh  line 392,  39.-J 

Astronomy 4:i2-43H 

Azimuth 392 

Barometric  and  trigonometric  heights   401-403 

Base  lines  and  standards  of  length 377-380 

Bibliography 440-447 

Bulletins 470,471 

Catalogue  of  Coast  Pilots  for  the  Atlantic  and  Pacific  Coasts 459-462 

Charts  (Maps  and),  Catalogues  of 463-4G5 

Chissification  of  Descriptive  Catalogue 305 

Coast  pilots,  Catalogue  of 459-462 

Deep-sea  soundings,  temperatures,  and  densities 418-420 

Deflections  (Local)  of  the  plumb  line 392,393 

Densities  (Deep-sea  soundings,  temperatures,  and) 418-420 

Descriptive  catalogue.  Classification  of 365 

Drawing,  engraving,  and  electrotyping 437, 438 

Electrotyping  (Drawing,  engraving,  and) 437, 438 

Engraving 437,438 

Expenditures  and  persons  employed  (Official  reports  of) 448-451 

Explorations  of  Gulf  Stream 416-4 18 

Explorations  of  oyster  beds  (Surveys  and) 420, 421 

Explorations,  Geographical 397-ii99 

Geodesy 377-:^l9 

Geographical  explorations 397-399 

Geographical  positions  and  i>roje<;tious^  Topographic  and  hydrograjihic  sheets.  31)5-397 

Gravity 39:^395 

(J iilf-Stream  explorations 4 16-418 

Heigh ti4  (Trigonometric  and  barometric) 401-403 

llydrogruphic  sheets.     (See  Geographical  Positions  and  Projections,  et<J.)  ..  395-397 

Hydrograi)hy : 404, 405 

Hypsometry 400-403 

Information  furnished,  Tabular  statementn  of 451 

Instruments  (Triangulation  and) 382-384 

Latitude 385,386 

LcvelingH.     (i^*?f  S])irit  Levclin;?.) 

List  of  Notices  to  Mariners 466-469 

List  of  Tide  tables 456-458 

Longitude 38<)-391 

Magnetism  (IVrrcst rial) 421-432 

Maps  and  charts,  Catalogues  of 463-465 
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ALrUAHETlCAL  INDEX— Continiu'd. 

MatbeiiiatioH 436,437 

Miscellaneous 438,439 

Necrology 453-455 

Notices  to  Mariners,  list  of 46t>-46H 

Office  operations,  Annual  reports  of 451, 45:i 

Official  reports  of  expenditures  and  of  persons  employed 448-451 

Oyster  beds  (Surveys  and  explorations  of) 42(),  421 

Pentons  employed  (Official  reports  of  expenditures  and) 448-451 

Physical  hydrography 405-421 

Professional  papers,  a  subject-index  to 377-439 

Projections  (Geographic  positions  and) 395-397 

Reconnaissance '. 381, 382 

Keports  (Annual)  and  other  documents 1^66-376 

Reports  (Annual)  of  office  operations 451, 452 

Reports  (Official)  of  expenditures  and  peradns  employed 448-451 

Shore-line  changes  due  to  the  action  of  the  sea  (Tides,  currents,  winds,  and) .  405-4 10 

Soundings,  temperatures,  and  densities  (Deep-sea) : 418-420 

Spirit  leveling 400,401 

Standards  of  length  (Base  lines  and) 377-:^80 

Statistics 447.448 

Subject  index  to  the  professional  papers 377-4:^9 

Subject-index,  Key  to 377 

Surveying 40:M05 

Surveys  and  explorations  of  oyster  beds 120, 421 

Tabular  statements  of  information  furniMhed 451 

Temperatures  and  densities  (Deep-sea  soundings  and) 418-420 

Terrestrial  magnetism 421-432 

Tides,  currentii,  winds,  and  shore-line  changes  due  to  tlie  action  nl'tbe  sea  .  405-416 

Tide  tables,  List  of 456-458 

Time :i84,:«r. 

Topographic  sheets.     («SVe  Geographical  Positions  and  I'rnjcrtions.) 

Topograpby 403,4t»4 

Triangulatiou  and  instruments 382-:{84 

Trigonometric  and  barometric  heights 401-403 

IJ.  S.  Standard  Weights  and  M«-asnres,  reports  and  other  documents 371-376 

\ViudB.     {JScv  Tides,  Currents,  Winds,  etc.) 


APPENDIX  No.  12.— 1891. 


TilE  TRANSIT  OF  MERCURY  OF  MAY  9,  1881,  AS  OBSERVED  AT  WAJKIKI, 

HAWAIIAN  ISLANDS. 


A  report  by  E.  D.  Prkston,  Asaistant. 
Submitti'd  for  publication  September  8,  1891. 


PREFATORY  NOTE. 

Assistant  E.  D.  Preston,  Laving  been  detailed  for  duty  in  observing? 
tLe  variations  of  latitude  in  coiiperation  with  Dr.  Marc.use,  represent- 
ing the  International  Geodetic  Association,  and  Laving  been  directed 
to  occupy  stations  on  the  Hawaiian  Islands,  advantage  was  tiiken  of 
Lis  exi)ected  arrival  at  Honolulu,  Island  of  Oahu,  early  in  May,  1891, 
to  obtain  observations  of  the  transit  of  Mei-cury  on  tlie  9tL  of  that 
montli. 

REPORT. 

TLe  observations  of  tLe  transit  of  lVler<*ury  in  tlie  Hawaiian  Islands 
on  May  9,  1891,  were  made  possible  by  tLe  kind  cooperation  of  (lie 
Hawaiian  (iovernment  Survey.  VVLen,  about  April  15,  it  appeared 
l)robable  tliat  we  wonld  only  arrive  at  Honolulu  tLe  day  pre^ieding  tLe 
transit,  I  immediately  wrote  t^  Prof.  Alexander,  tLe  Surveyor-general, 
asking  tliat  a  clironometer  niiglit  be  rated  for  tLe  occasion.  TLis  was 
done  by  Mr.  (5.  .1.  Lyons.  I^Le  mail  st/^'amer  Monowal  arrived  in  ])ort 
at  1  J),  m.  of  May  8.  Our  chronomet-ers  were  immediately  uncorked 
and  started,  and  then  compared  witli  tlie  standiird  clock  in  tLe  office 
of  tLe  Hawaiian  Survey. 

During  tlie  afternoon  several  i>laces  were  visited  in  searcL  of  a  suit- 
able site  for  tLe  observations.  An  approximate  computation  revealed 
tlie  fact  tliat  tLe  last  contact  would  occur  only  a  very  few  minutes 
before  sundown,  so  tliat  it  was  necessary  to  observe  from  a  spot  giving 
a  perfe(*tly  clear  Lorizon  to  thi^^^  west-nortLwest.    TLis  point  was  found 

at  Waikiki,  a  pla<ce  about  «3  miles  soutLeast  of  Honolulu  and  about 
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midway  between  the  two  beautiful  craters  of  Diamond  Hejid  (Leahi) 
and  the  Punch  Kowl  (Puowaina).  The  latitude  and  longitude  of  the 
station  are  : 

(/>    .    IMOIG'  21"  North. 

A=  iruO'iiy  4{y'  West. 

We  left  Honolulu  about  10  a.  m.  of  May  0.  Arrivinfj  at  Waikiki,  the 
instiiiments  were  set  up  and  adjusted  in  the  yard  of  the  Johnson  vilhu 
within  a  few  feet  of  the  churrh,  whi<*h  is  a  trian^ulation  i)oint  of  the 
Government  Purvey.  The  day  was  «mly  ]»artially  clear.  Light  banks 
of  cumulus  elouds  drifted  at  intervals  down  from  tlie  ni<mntains,  borne 
across  by  the  tnide  winds  whi<*li  blow  constantly  at  this  season.  The 
sun  was  entirely  obscured  during  the  ilrst  external  <*ontact  and  for 
several  minutes  thereafter.  Before  tlu»  first  int(»rnal  contact  the  clouds 
passed  away  and  dis<*.losed  a  i>ertectly  (^lear  image  of  the  sun,  with  the 
planet  almost  com])letely  inside  the  disc.  The  second  cx)ntact  was  very 
satisfactorily  observed.  There  was  no  appearance  of  the  black  liga- 
ment sometime^}  seen  at  the  moment  of  separation.  At  the  time  ol 
third  contai't  (second  interior)  the  sun  was  within  a  couj)le  of  degrees 
of  the  horizon.  The  image  of  the  limb  was  of  course  quite  unstea<ly. 
The  pjienomenon,  <M)mmonly  called  **  boiling,"  was  very  ])erceptible, 
but  the  bimnding  line  of  the  disc  was  not  hanl  to  make  out  and  the 
observatiim  was  tolerably  good.  The  progress  of  Mercury  was  now 
followed  with  the  eye  foi;  three  minutes,  when  it  was  lost  in  the  ser- 
rated and  continually  changing  limb  of  the  sun.  At  least  two  minutes 
before  the  time  of  last  contact  the  form  of  the  planet  was  utterly  in- 
distinguishable with  my  telescope.  The  times  noted  by  mean  time 
(jhronometer,  Bond  &  Sims,  No.  177,  for  the  two  contacts,  were — 


Secouil  ooDtact 

1»'     27'"     20« 


Third  contact. 
(Jh      11...      OQa 


^This  chronometer  was  comj>ared  with  the*  stan<lard  clock  (Molyncux) 
at  the  Survey  Oflicc  at  0  a.  m.  and  at  S-'M)  ]>.  m.  of  May  \K  It  wa^4  also 
compared  the  day  before  and  for  several  days  afterwards.  These 
comparistuis  show  that  the  trips  t^)  Waikiki  had  no  significant  intlu 
ence  on  the  rate.  A])plying  to  the  observe<l  times,  the  corrections  t^) 
reduce  Bond  to  Molyneux  and  those  to  re<luce  Molyneux  to  ilonolulu 
mean  time,  we  got  for  the  times  of  contact  as  follows: 
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Honolulu  mean  time, 
Correction  for  lonj^itiule, 
Waikiki  mean  time, 
UbservatiDn  h\  Mr.  Lvons, 
C)l)servation  ))\  I>r.  Marcube, 
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Obiferrations  of  the  TrannH  of  Mercury^  Mayiiy  18!)! — Cnntinnnl. 

My  tolescope  had  an  aperture  of  3J  iuclie»,  and  the  diagoDal  eye- 
piece uKed  gives  a  magnifying  i)ower  of  about  100.  The  time  sus  given 
by  the  standard  clocik  depends  on  observations  of  both  limbs  of  the  sun 
in  one  position  of  the  meridian  teles(;ope  of  the  Government  Observatory . 

The  transit  of  Mercury  was  observed  to  the  nearest  second  of  time. 
In  onler  to  test  whether  the  corrections  depending  on  the  iustru- 
mental^constants  amounted  to  as  much  as  half  a  second,  star  observa- 
tions were  ma<le  on  a  night  preceding  and  following  a  sohu*  determi- 
nation in  the  usual  w^ay.  Tlie  corrections  to  Molyneux  are  generally 
determine4  but  once  a  week,  which  is  quite  sufficient  for  the  require- 
ments of  the  regulai'  time  service.  From  the  star  observations  the 
following  corrections  were  deduced  for  the  time  as  given  by  the  sun  on 
May  0  when  the  circle  was  west: 

Correction  to  observed  t: 

s 
For  azimuth,  -f  o*2 

For  level,  4"  ''3 

For  collimation,  -    ro 

The  level  correction  was  always  taken  acxjount  of  in  the  solar  observa- 
tions, so  that  the  outstanding  sources  of  error  give  a  coirection  of 
— 0«'8  fo  the  regular  time  determinations.  This  has  been  applied  to 
the  times  given  above. 

It  may  be  mentioned  as  a  matter  of  interest  that  the  meiidian 
telescope  has  not  been  adjusted  since  it  was  set  up  by  myself  in 
•August,  1887,  and  that  during  the  lunirly  four  years  intervening 
between  then  ami  now  the  azimuth  has  change<l  less  than  3%  the  level 
less  than  2%  and  the  collinmticm  not  more  than  1".  ( -onsidering  the 
size  of  the  instrument  and  the  high  temperature  to  which  it  has  been 
subjected  in  the  daytime  during  this  long  jicriod,  this  shows  a  remark- 
able stability  in  the  pier. 
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ON  OBSERVATIONS  FOR  THE  VARIATIONS  OF  LATH  I  JDK  MADE  NEAR 
HONOLULU,  OAHU,  HAWAIIAN  ISLANDS,  IN  COOPERATION  WITH  THE 
WORK  OF  THE  INTERNATIONAL  GEODETIC  ASSOCIATION.  AND  ON  DE- 
TERMINATIONS OF  GRAVITY  AND  THE  MAGNETIC  ELEMENTS. 


A  preliminary  report  by  E.  D.  Prkston,  Amistant. 
Submitted  for  publication  January  17,  1893. 


This  preliminapTy  report  will  include  notices  of — 

I.  The  international  latitude  obscrvatious  from  June  6,  1891,  to  June  25,  1892. 
II.  The  measurements  of  the  force  of  grsiTity  on  Oahu  and  Hawaii  from  June  9, 
1891,  to  Jnly  25, 1892. 

III.  The  determination  of  the  mafi^ctic  elements  made  at  intervals  from  August  11, 

1891,  to  September  9,  1892. 

IV.  Meteorological  observations,  including  barometric  determination  of  heights  of 

Manna  Kea,  from  July  1,  1892,  to  .July  27,  1892. 

L — OBSERVATIONS  FOR  THE  VARIATIONS  OF  LATITUDE. 

The  following  are  the  circumstances  that  led  to  this  work:  Some  lat- 
itude observations  made  in  Germany,  at  Berlin  and  Potsdam,  and  at 
Prague  in  Bohemia,  showed  a  progressive  yearly  change  in  the  results. 
As  the  motion  was  in  the  same  direction  for  all  three  places,  it  became 
desirable  to  make  a  farther  study  of  the  movement  by  observing  at  sta- 
tions differing  greatly  in  longitude;  for  if  there  had  been  a  real  motion 
of  the  pole,  the  effect  on  terrestrial  latitudes  would  be  in  opposite  direc- 
tions on  different  sides  of  the  earth.  In  order,  therefore,  to  bring  out 
the  law  of  change  most  advantageously  the  International  Geodetic  As- 
sociation took  the  matter  up  and  proposed  to  send  an  observer  to  the 
Hawaiian  Islands  to  make  latitude  determinations  simultaneously  with 
those  executed  in  Euro^Je.  The  differen<!e  of  longitude  of  Berlin  and 
Honolulu  is  11**  25".  The  Unite<l  States  Government  was  aske<l  tc> 
cooperate  in  order  that  the  result  of  work,  whatever  it  might  be,  should 
be  checked  independently  by  another  observer  and  another  instrument. 
This  led  to  my  assignment  by  the  Superintendent  of  the  Coast  and  Ge- 
odetic Survey,  with  instructions  for  some  additional  gravity,  latitude, 
and  magnetic  observations  during  my  stay  in  the  islands. 
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I  left  Washington  on  April  18,  1891,  in  company  with  Dr.  Marruse, 
the  European  representative  of  the  luteruational  GecKletic  At^HO^nation, 
arriving  at  Honolulu  on  the  8th  of  May,  in  the  atternoon.  H«aving 
been  directed  by  the  Superintendent  to  observe  the  Transit  of  Mercury, 
which  took  plaice  on  the  9th,  provided  we  should  an-ive  in  time,  the  in- 
struments were  passed  through  the  custom-house  on  the  day  of  landing; 
the  same  evening  the  station  was  selecteil  at  VVaikiki,  3  miles  south- 
cast  of.  Honohilu,  and  the  transit  was  su<*e^ssful]y  observed  the  foHow- 
ingday.*  Our  next  o<*cupation  was  to  choose  a  permanent  site  for  the 
astronomi(!al  work.  Atler  several  disappointments,  the  observatories 
were  Anally  located  on  the  property  of  Mr.  J.  F.  Brown,  of  the  Govern- 
ment Survey,  who  generously  gave  the  use  of  the  ground  during  the 
year. 

Waikiki  was  preferred  in  order  to  avoid  the  clouds  of  Honoluln,  as 
my  experience  there  in  1883  and  1887  showed  that  i)lace  to  Imj  veiy 
unfavorable  for  continuous  star  observations.  There  were  numerous 
unavoidable  delays  in  getting  material  and  workmen,  and,  as  tlie  ]>ro- 
gramme  was  to  begin  work  as  soon  after  May  l.'i  as  possible,  it  wjis 
dexjided  to  concentrate  all  the  force  on  one  building  and  let  one  observer 
begin  immediately.  As  I  had  several  more  instruments  to  set  up  than 
my  colleague,  it  was  deemed  advisable  for  him  to  begin  first;  so  that 
my  observatory  was  not  finished  until  five  days  after  his.  He  began 
observations  on  June  1 ;  my  fiist  ones  were  made  on  June  0.  From 
this  date  on,  the  plan  of  work  ado])t«d  was  continuously  (rarriexl  out. 
Latitude  observations  were  nmde  in  (*onnection  with  Dr.  Marcuse. 
Time  was  determined  for  the  gravity  work  in  the  intervals  between 
pairs  of  stars,  and  the  pendulum  was  swung  during  the  entire  evening, 
concidences  being  noted  at  the  beginning  and  end  of  the  night's  work, 
and  whenever  ox)portunity  offered  during  the  latitude  aiul  time  observa- 
tions. This  gives  a  determination  of  gravity  corresponding  to  each 
latitude  determination,  and  will  help  to  decide  the  question  whether 
the  change  of  latitude  conies  from  a  real  motion  of  the  pole  or  from 
transfers  of  large  bodies  of  matter  under  the  surface  of  tlu»  earth. 

From  fJune  6,  1891,  to  June  25,  1892,  there  were  made  2  134  determi- 
nations of  latitude;  observations  being  made  on  220  nights,  as  follows: 
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*  See  a  report  of  these  (»b»crvatioiis  in  Appendix  No.  12,  1891. 
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II. — Gravity  determinations. 

Before  leavinij  for  Honolulu  I  suggested  to  the  ISuperintendeut  the 
feasibility  of  making  continuous  observations  for  the  force  of  gravity. 
This  was  possible  without  increasing  the  expense  of  the  work,  and 
such  observations  were  made  at  Waikiki  every  night  that  latitudes 
were  observed.  We  thus  have  a  series  of  nearly  2(>0  nights  of  gravity 
determinations  extending  throughout  the  year.  Time  stars  were 
observed  before  the  first  coincidence  and  after  the  last  one^  and  as 
many  observations  as  possible  were  made  on  the  pendulum  at  intervals 
between  the  latitude  pairs,  so  that  in  all  there  are  not  far  from  1 000 
measures  of  the  force  of  gravitv. 

On  June  15  the  pendulum  apparatus  was  taken  down  at  Waikiki  and 
mounted  at  Honolulu.  As  I  desired  to  continue  the  latitude  work  at 
the  former  place  as  long  as  possible,  the  zenith  telescope  was  left 
standing  and  the  latitudes  were  continued  on  every  clear  night  while 
preparing  the  stations  in  Honolulu.  After  the  pendulum  observations 
were  in  operation  the  Waikiki  work  was  still  carried  on  whenever  pos- 
sible to  observe  stars.  The  pendulum  wa«  observed  during  the  day  at 
Honolulu  and  stars  obtained  during  the  early  evening.  Then  the  trip 
was  made  to  Waikiki  (3  miles),  and  latitude  continued  until  the  end  of 
the  list. 

On  June  28  we  left  for  Hawaii,  the  party  consisting  of  Prof.  W.  D. 
Alexander,  the  Surveyor-general,  Mr.  W.  K.  Wall,  Mr.  W.  W.  Cham- 
berlain, Mr.  Louis  Koch,  and  myself.  At  Wainiea  the  party  was  joined 
by  Mr.  J.  M.  Muir,  a  voluntec^r  observei*,  who  rendered  valuable  service 
on  the  mountain  both  in  triangulation  and  magnetic  work. 

The  object  of  this  trip  was  the  determination  of  the  force  of  gravity 
at  the  base  and  summit  of  Mauna  Kea,  the  highest  peak  on  the  islands. 
The  elevation  is  n<»arly  14  000  feet.  Other  observations  were  also 
made  consisting  of  latitude,  magnetic,  meteorologi^'al,  etc. 

Landing  at  Kawaihae  on  the  evening  of  June  20,  this  station  was 
occupied  before  July  7.  Observations  were  made  for  latitude,  time, 
gravity,  and  magnetism. 

From  this  point  we  passed  to  the  plains  of  Waimea  at  an  elevation 
of  li  000  feet.  At  this  place  animals  were  engaged  for  the  ascent  and 
packers  hired.  While  making  the  necessary  arnangements,  two  stations 
were  occui)ied  for  magnetic  observations.  One  of  these  had  been 
occupied  in  1872  by  the  Government  Survey  officers  and  the  other  was 
a  new  station  at  the  end  of  their  base  line.  This  work  was  done  at  the 
request  of  the  Surveyor- general. 

On  July  12  the  party  left  for  Kalaieha.  The  ascent  is  very  gradual. 
The  trail  winds  around  the  mountain,  and  after  a  journey  of  35  miles 
we  found  ourselves  at  an  elevation  of  6  700  feet  above  the  sea.  From 
this  point  to  the  summit  the  path  is  rough  and  steep.  Only  12  miles 
moie  tr;i\<»l  were  ne(*essary  to  overcome  the  same  vertical  distance 

H.  Ex.  43,  pt.  2—31 
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that  we  had  risen  in  traveling  the  50  previous  miles.  A  full  series  of 
observations  was  made  at  Ealaieha,  but  as  this  point  lies  just  at  the 
beginning  of  the  cloud  region  the  greatest  difBculty  was  experienced  in 
getting  stars. 

Only  live  pairs  could  be  secured  for  latitude  and  the  time  determina- 
tions tor  gravity  are  rather  weak.  Much  of  the  work  was  done  during  rain. 
The  object  glass  was  uncovered  long  enough  to  make  the  observation 
while  the  star  was  passing,  and  immediately  after  a  pair  was  observetl 
or  after  a  half  set  for  time  the  telescope  was  carried  into  the  tent  to  be 
wiped  and  dried.  Owing  to  the  great  difficulty  of  transporting 
baggage,  no  separate  observatory  tent  was  taken  and  the  telescope 
was  mounted  in  the  0})en  air. 

At  this  point  the  party  was  reinforced  by  Mr.  B.  D.  Baldwin,  of  the 
Government  Survey,  who  had  come  up  on  the  windward  side,  bringing 
some  pack  mules  and  a  guide  from  Hilo. 

We  began  the  ascent  from  Kalaieha  on  July  19,  with  a  pack  train  of 
twenty-two  animals  and  eleven  men.  One  of  the  donkeys  that  carrie<l 
the  magnetic  instruments  and  some  Lrewood  became  unruly  and  ran 
away.  As  we  were  enveloped  in  fog,  he  found  no  difficulty  in  escaping, 
and  was  only  recaptured  at  3:30  p.  m.,  after  eight  hours'  hunting  by 
eight  of  the  party.  This  necessarily  deferred  the  trip  one  day,  and 
another  start  was  made  at  7:40  the  following  morning. 

We  arrived  at  Waiau,  over  13  000  "feet  elevation,  late  in  the  after- 
noon. About  half  the  ])arty  made  the  ascent  by  3  p.  m.,  but  as  many 
of  the  animals  were  sutt'ering  from  the  rarity  of  the  air  and  from  the 
travel  over  the  rough  lava,  if  was  impossible  to  urge  them  much,  and 
many  did  not  arrive  until  late;  in  fact,  some  did  not  get  up  at  all,  and 
from  sheer  exhanstion  refused  to  go  beyond  about  12  000  feet.  They 
were  unloaded,  and  their  loMds  taken  by  stronger  mules  that  had 
already  been  to  the  top  and  unloaded. 

A  stay  of  ftve  days  and  six  nights  was  made  at  Waiau.  The  ranges 
of  temi>erature  were  from  13°  F.  at  night  to  108^  at  noonday,  the  ther- 
mometer being  in  the  same  position  for  both  readings.  * 

The  i)ack  animals  arrived  from  below  at  11  a.  m.  of  July  26.    Every 
thing  was  in  readiness,  and  after  two  and  one-half  hours  spent  in 
packing  the  mules  we  started  down.    On  the  way  we  i>a«sed  by      / 
Lilinoe,  where  in  i)ast  times  the  natives  had  established  a  burial  ground     / 
at  an  elevation  of  about  12  500  feet,  and  farther  on  we  came  to  Keana-    j 
kakoi  (the  ax-makers'  cave),  where  before  the  introduction  of  ii'on  a 
quarry  had  been  opened  for  the  production  of  battle-axes.    The  eleva- 
tion of  this  point  is  over  12000  feet. 

We  arrived  at  Kalaieha  the  same  evening.  Two  days  were  passed 
here,  repacking  the  instruments  and  putting  the  records  in  ordei*.  All 
the  luggage  was  sent  down  the  lee  side  of  the  island  to  Kawaihae,  a 
distance  of  50  miles,  to  be  shipped  to  Honolulu.  As  it  was  desired  to 
make  magnetic  observations  at  Hilo,  Mr.  Baldwin,  Mr.  Wail,  and 
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myself  leil  the  party  lurre.  This  cfoiild  be  done  without  increasing  the 
time  spent  on  the  island,  as  we  were  able  to  take  the  same  steamer  that 
was  to  pass  round  the  island  and  load  the  instruments  at  Rawaihae. 

III. — Magnetic  observations. 

Tjie  first  of  these  were  made  on  August  11, 1891,  when  engaged  in 
the  latitude  observations  at  Waikiki.  The  date  of  occupation  of  this 
station  was  chosen  so  that  all  the  work  could  go  on  together.  At  the 
time  mentioned  our  astronomical  observations  extended  from  7  p.  m.  to 
11  p.  m..  With  these-  hours  for  night  work  it  was  possible  to  make 
magnetic  observations  for  all  three  elements  during  the  day  and  allow 
no  breAk  to  occur  in  the  regular  series  for  time,  latitude,  and  gravity  in 
the  evening. 

The  second  station  was  made  at  Kahuku^  on  the  extreme  north  point 
of  Oahu.  This  made  it  ne<;essarv  for  me  to  be  absent  from  Waikiki 
from  November  24  to  November  29.  Leaving  Waikiki  at  6  a.  m.  of  the 
24th,  the  distance  to  Waialua  was  made  by  3  p.  m.,  where  lunch  was 
taken.  In  the  evening  the  remainder  of  the  trip  was  made,  and  we 
arrived  at  Kahuku  at  8  p.  m.,  having  ridden  horseback  more  than  40 
miles  over  a  diflBcult  road.  On  the  following  morning,  November  25, 
observations  were  begun.  They  were  completed  cm  the  27th,  and  we 
were  back  in  Honolulu  on  the  evening  of  the  28th.  Prof.  Alexander 
accompanied  me  and  kindly  recorded  these  observations. 

Honolulu  was  occupied  on  June  2,  .*{,  and  4,  1892,  at  the  same  time 
that  the  Waikiki  work  was  in  progress.  The  subsequent  magnetic 
stations,  up  to  the  time  of  the  conclusion  of  the  Mauna  Kea  work, 
were  occupied  in  connection  with  gravity  and  latitude  observations, 
and  have  already  been  described. 

We  arrived  at  Hilo  on  the  evening  of  July  28,  having  passe<i  thirteen 
consecutive  hours  in  the  saddle.  The  trail  from  Kalaieha  is  35  miles 
l<mg,  and  much  more  tlnni  half  of  it  is  over  bare  lava  of  the  "aa"  and 
''pahoehoe"  types.  No  traveler  attempts  this  trip  without  carrying 
horseshoeing  imphMiients,  for  the  lava  is  of  such  a  nature  that  the  hoof 
of  an  unshod  horse  would  be  cut  through  in  a  few  minutes,  and  noth- 
ing could  induce  the  animal  in  that  case  to  continue  the  journey.  We 
saw  the  carcasses  of  a  dozen  horses  that  had  been  mercifully  killed  or 
unmercifully  left  to  die  of  starvation. 

Cocoanut  Island  wa^s  occu])ied  at  Hilo  from  July  30  to  August  3, 
and  we  arrived  in  Honolulu  on  August  (5.  At  the  request  of  Prof. 
Alexander,  the  Surveyor-general  of  the  Kingdom,  I  left  on  the  next 
steamer  for  Kealakeakua  Bay  to  re-occupy  the  magnetic  station  of 
(.'apt.  Cook  at  Nai>oopoo.  His  observations  were  made  more  than 
one  hundred  years  ago,  and  were  finished  just  before  the  ofttbre^k 
which  cost  the  great  discoverer  his  life.  On  the  way  back  to  Honolulu 
I  stopped  three  days  at  Lahaina,  and  made  magnetic  observations 
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where  De  Freycinet  had  an  observatory  in  1819.  Honolulu  was  again 
reached  on  August  27.  Two  more  stati  ms  remaine<l  to  be  occupied, 
and  on  Aujjut^t  30  we  left  for  Kauai.  The  work  boinf^  done  at  Waimea 
I  went  on  board  the  Mikahala,  Lejirning  that  before  returning  to 
Honolulu  she  would  go  to  Niihau  I  determined  to  make  the  trip  and  get 
one  station  on  that  seldom  visited  island.  This  neither  increased  the 
expense  nor  delayed  my  return,  as  otherwise  it  would  have  been  neces- 
sary to  wait  at  Waimea  until  the  vessel  came  back. 

I  v.— Meteorological  observations. 

Wheii  it  was  de^^ided  to  occupy  the  summit  of  the  highest  mountain 
in  Hawaii,  the  occasion  was  taken  to  verify  its  height,  as  determined 
previously  by  Prot.  Alexander.  To  this  end  barometers  were  read 
at  the  four  mountain  stations,  Kawaihae,  Waimea,  Kalaieha,  and 
Waiau.  Simultaneously  with  this,  barometric  observations  were  made 
in  Honolulu,  and  at  Hilo  and  Waimea,  on  Hawaii.  The  wet  and  dry 
bulb  thermometers  were  also  read  for  the  relative  humidity,  and  the 
direction'  and  force  of  the  wind,  the  percentage  of  clouds,  etc.,  were 
noted.  On  the  summit  the  mercurial  barometer  stood  at  approximately 
18-3  inches  at  a  temperature  of  about  54^  F. 

On  September  14  I  took  passage  in  the  steamship  AuHralid  for  San 
Francisco.  Arriving  on  the  21st,  I  found  orders  from  the  Superin- 
tendent to  measure  the  force  of  gravity  at  the  Lick  Observatory.  This 
was  done  between  Sept^imber  28  and  October  2,  the  time  between 
September  22  and  27  being  employed  in  getting  the  instruments  through 
the  custom-house  and  in  repaij^ing  the  pendulum  apparatus,  which  was 
considerably  out  of  order  from  the  experiences  on  the  top  of  Mauua 
Kea.    On  October  4  I  started  for  Washington  and  arrived  on  the  16th. 

In  closing,  I  desire  to  express  my  obligations  to  the  Surveyor-general, 
Prof.  W^.  1).  Alexander.  Throughout  my  entire  stay  I  was  the  constant 
recij)ient  of  professional  favors.  The  observatories  at  Waikiki,  the 
meridian  mark  on  Makiki,  and  the  transportation  of  the  heavy  outfit 
to  the  gravity  station  above  the  clouds,  all  bear  testimony  to  his 
generous  aid.  It  is  due  to  the  Hawaiian  Government  Survey  to  stnte 
tlint  the  greater  i)art  of  the  iNlauna  Kea  expenses  were  borne  by  that 
Hureau. 
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The  following  table  gives  a  summary  of  the  season's  work: 
/Summary  of  observations  in  the  Hawaiian  Islnnda  in  1891-!9J^, 


# 

Niehts 
or  days 
of  ob- 

No. of 

SUtion. 

Island.      Date  of  occupation. 

Class  of  obser- 
vations. 

deter- 
mina- 

•   Remarks. 

•     f 

serva- 
tions. 

tions. 

1891.       1892. 

. 

Waikiki. 

Oahu. 

June    6-June  25 

Latitude. 

220 

2434 

June    9-June  11 

Gravity. 

199 

827 

June    9-June  11 

Time. 

202 

202 

1S91. 

« 

Aug.  1 1 -Aug.  13 

Mf^netic. 

3 

3 

Kahuku. 

Nov.  25-Nov.  27 

do. 

3 

3 

• 

1892. 

Honolulu. 

June  23-yune  25 

Gravity. 

3 

57 

June  15-June  27 

Time. 

10 

10 

June    2-June    4 

Magnetic. 

3 

3 

Kawaihae. 

Hawaii. 

July     4-July     6 

Latitude. 

3 

23 

July     3-July     6 

Gravity. 

4 

91 

J"Jy   3-J"iy   6 

Time. 

4 

4 

July     I-July     3 

Magnetic. 

3 

3 

June  30-July     7 

Meteorology. 

8 

Waimea. 

July     8 

Magnetic. 

I 

I 

West  base. 

July     9-July  II 

do. 

2 

2 

(Jld  station. 

July     7-July  11 

Meteorology. 

5 

Kalaieha. 

July  14-July  15 

Latitude. 

2 

3 

July  14-July  16 

Gravity. 

3 

67 

July  14-July  18 

Time. 

6 

6 

July  14-July"  16 

Magnetic. 

3 

3 

July  13-July  18 

Meteorolog>'. 

6 

Waiau. 

July  2i-July  25 

Lititude. 

4 

55 

July  22-July  25 

Gravity. 

4 

81 

0 

July  2 1 -July  25 

Time. 

4 

4 

July  2 1 -July  24 

Magnetic. 

3 

3 

July  2 1 -July  26 

Meteorology. 

6 

Hilo. 

July  30-Aug.    3 

Magnetic. 

5 

3 

Nai:)Oopoo. 

Aug.  i8-Aug.  21 

do. 

4 

3 

Lahaina. 

Maui.        Aug.  23-Aug.  25 

do. 

3 

3 

Waimea. 

Kauai.    |  Sept.   2-Sept.   3 

1 

1 

1 

do. 

2 

2 

Latitude  station, 
1 887,  and  transit 
of  Venus,  1874. 

I  Sept.   5-Sept.   6 

do. 

2 

2 

Thorny  Croft. 

Nonopapa. 

Niihau.  '  Sept.   9 

do. 

I 

1 

I 

In  the  column  **  Number  of  determinations,"  the  figures  indicate: 

For  latitude, — The  number  of  pairs  of  stars. 

For  ^mviiy. — The  number  of  intervals,  each  giving  one  value  for  the  period  of  oscillation 
of  the  pendulum. 

For  time. — The  number  of  sets  of  stars,  each  one  giving  a  correction  to  the  chronometer. 

For  magnetic. — The  number  of  determinations  of  all  three  elements — declination  of  the 
needle,  the  dip  and  the  horizontal  intensity,  and  time  and  azimuth. 

7///'  meteorological  observations  were  made  many  times  during  the  day.  The  barometer 
was  read  at  the  times  of  maximum  and  minimum,  at  9  a.  m.  and  3  and- 9  p.  m.  On  the 
summit  of  Mauna  Kea  it  was  read  more  frequently. 
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INTRODITOTION. 

In  the  spring  of  1890  a  party  was  formed,  consisting  of  Messrs. 
H.  P.  Gushing,  H.  McBride,  R.  L.  Casement,  J.  F.  Morse,  C.  A.  Adams, 
and  the  writer,  for  the  purpose  of  exploring  and  studying  Muir  Glacier, 
Alaska.  All  my  companions  rendered  most  efficient  aid.  Mr.  Gushing 
took  entire  (charge  of  the  geological  and  meteorological  observations. 
Messrs.  Adams  and  Morse  did  most  of  the  trigonometric  work,  while 
the  writer  did  the  phvne  table  work,  made  the  magnetic  and  latitude 
observations,  and  had  general  charge  of  the  expedition.  We  estab- 
lished our  camp,  which  we  named  Camp  Muir,  near  the  end  of  the 
glacier,  on  July  1,  1800,  and  remained  there  until  the  middle  of  Sep-. 
tember,  mapping  and  studying  the  region. 

Many  of  the  necessary  instruments  were  lent  us  by  the  U.  S.  Coast 
and  Geodetic  Survey.  A  list  of  them  will  be  given  at  the  end  of  this 
report. 

General  Geography. — The  southeastern  extremity  of  Alaska  consists 
almost  entirely  of  an  archipelago  of  islands,  which  occupies  a  space 
nearly  350  miles  long  and  100  miles  wide.  These  islands,  large  and 
small,  are  closely  packed  together,  and  the  waterways  between  them  are 
deep  and  narrow,  and  often  form  long  strait  canals.  The  islands  are 
mountainous  and  precdpitous,  affording  few  landing  places.  Their  slopes 
are  densely  wooded,  mostly  with  spruce.  The  rough  surveys  of  Vancou- 
ver, a  hundred  years  ago,  as  revised  later  by  Tebeukof  and  others,  were, 
until  1867,  largely  relied  upon  as  supplying  the  most  accurate  informa- 
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tioii  (ft*  |i:irt*:  of  tlif  rfi;ist.  Siiici*  ilmt  .v<*:ir  tlit' cxph^nitinns  :r.i(l  -iiirveys. 
iii:id<*  i»v  I  In*  i  .  S.  Toa-^l  ami  <lc<«lrlii'  Siirvrv.  uimIit  ihr  clir«^t*ti<m  of 
Assistant  I)aviil»<>ii,  Actiii;^  Assistant  l>all,  and  during  the  period 
inun  l.SSl  to  tlio  present  time  by  oftii-ers  of  tlie  Navy  attached  to  the 
('oa8t  Snrvey  Serviee,  liave  resulted  in  the  ]»ul>lieati<)n  of  ehart8  and 
( -oast  l*iIol*<  making  known  the  more  important  channels  and  water- 
ways with  anij)le  accuracy  for  all  pui  poses  of  navipition.  Southeast 
ot*  th«'  Alaskan  boundary  the  island^  bt^come  hirger  and  the  waterways 
wider.  ( !ross  Sound  and  Icy  Strait  form  the  northwestern  boundary  of 
the  archip<*Iago.  From  them  two  <ieep  iidets,  Linn  Canal  and  Glacier 
15ay,  stn*tch  t»>  the  north  and  northwest,  forming,  with  the  Pacific 
Ocean,  two  peninsulas. 

Tho  great  Fairweather  group  of  mountains  occupies  the  western  part 
of  the  [MMiinsuIa  between  (ilacier  Bay  and  the  Pacific.  The  eastern 
part  is  occupied  by  another  and  much  lower  range,  whose  peaks  rise 
about  1  800  metres  above  the  sea.  Their  northeastern  slopes  an* 
gradual,  and  are  (tovered  with  larg«»  glaciers,  some  of  which  rea(^h  tide- 
water an<l  discharge  icebergs  into  IJlacier  Bay.  Between  these  two 
ranges  there  seems  to  be  a  deej)  valley,  which  drains  the  eastern  sloi)e8 
of  the  Fairweather  grou]).  This  is  probably  tilled  by  a  long  narrow 
glacier  discharging  into  Taylor  or  Dundas  Bay. 

Little  was  known  of  the  peninsula  betwxHMi  Glacier  Bay  and  Lynn 
Ganal  before  i)ur  ex])edition  map]>ed  its  northern  ])art,  ex(M»i)t  that  it  is 
entirely  made  up  of  glacier-bearing  mountains,  whose  peaks  are  from 

I  »00  to  2  400  metres  high. 

Xortliwest  of  Oross  Sound  the  character  of  the  coast  changes 
abruptly;  the  <-oast  line  bectmies  continuous  without  outlying  islands 
and  broken  by  few  inlets.  Mountains  of  great  height  rise  immediately 
lV(mi  the  water's  edge.  We  can  therefon*  toi)ograi)hically  divide  the 
southeast  coast  of  Alaska  into  two  regions;  the  line  between  them 
passes  along  Cross  Sound,  then  follows  the  valley  just  northeast  of  the 
F'airweather  range  for  GO  or  80  kilometres,  beyond  which  ]»oint  we  know 
nothing  whatever  al)OUt  it.  This  topographical  difference  seems  to  be 
{u*companie<l  by  a  geolc»gi<*al  difference.  Mr.  liussell  has  shown  that 
the  St.  Elias  Alps  are  of  tertiary  origin,  and  probably  the  Fairweather 
gi'oup  belongs  to  the  same  range,  though  1  believe  it  has  not  been  at 
all  <?xplored.  If  this  is  true,  the  Fairweather  Mountains  are  of  tertiary 
origin,  while  the  mountains  about  Muir  (Macicr,  and  inobably  the  rest 
of  the  same  topograi)hical  region  to  the  southeast,  belong  to  paleozic 
and  archean  time.     (Set'  Nat.  Oeog.  Magaz.,  Vol.  TV,  Sui)i)leinents  i  and 

II  to  "Studies  of  Muir  Glacier".) 

Another  dilfercnce  is  (piite  marked.  Mr.  Rnssell  has  tbiind  raised 
beaches  about  Yakutat  Bay,  indicating  that  the  land  there  has  risen, 
whereas  the  submerged  trees  in  Muir  Inlet  show  that  this  region  is 
sinking.    These  striking  fa<jts  se^ni  to  show  that  the  valley  between 

e  Fairweather  Mountains  and  (ilacier  Bay  follows  t£e  line  of  an 
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immense  geoloj^ical  fault,  wliicli  brings  t^rfiary  and  paleozoic  rocks 
into  close  juxtaposition.  It  is  most  unfortunate  that  we  have  no  obser- 
vations on  tlie  Fairweather  Mountains  that  will  enable  us  to  confirm  or 
correct  this  interesting  indication. 

Olaoier  Bay  and  Muir  Inlet. — Glacier  Bay  itself  has  not  been  sur- 
veyed; its  delineation  in  the  ('oast  Survey  charts  is  correct  only  in  its 
general  outline.  It  lies  northwest  and  southeast  and  is  about  65  kilo- 
metres long  by  la  kilometres  wide.  There  are  a  great  many  islands  in 
the  bay.  The  Beardslee  Islands,  which  fill  the  eastern  side  for  a  dis- 
tance of  about  30  kilometres  from  its  mouth,  are  made  up,  at  any  rate, 
in  pait,  of  modified  glacial  till,  and  are  generally  thickly  wooded,  as 
are  also  the  shores  in  the4ower  part  of  the  bay.  The  channels  betweeen 
these  islands  are  narrow,  and  often  give  one  the  impression  of  water- 
ways cut  through  the  land.  The  islands  in  the  upper  part  of  the  bay 
are  quite  different;  they  are  of  solid  rock,  and  are  scored,  polished,  and 
rounded  by  glacial  action ;  they  occur  singly,  are  usually  elongated,  and 
have  the  long  axis  parallel  to  the  nearest  shore.  They,  like  the  main 
land,  descend  abruptly  into  the  water,  and  only  at  long  intervals  can 
even  a  small  beach  be  found.  In  this  part  there  are  no  trees.  ^Several 
glaciers  force  their  way  down  to  the  water's  level  and  discharge  bergs 
into  the  bay ;  most  of  them  end  in  a  narrow  inlet  two  or  three  miles  back 
from  the  bay  jiroper.  Muir  Glacier  is  of  this  type;  its  inlet,  which  runs 
about  north  and  south,  has  its  southwestern  terminus  on  Glacier  Bay 
about  8  kilometres  fr#m  the  end  of  the  glacier ;  the  eastern  shoreline 
rounds  gradually  into  the  bay  without  any  well-marked  headland. 
The  inlet  gradually  narrows  as  we  approach  the  glacier,  being  about 
2-5  kilometres  wide  at  its  upper  end.  On  each  side  are  deposits  of 
roughly  stratified  sands  and  gravels*  covered  with  a  thin  layer  of  mo- 
raine debris.  On  the  west  side,  these  deposits  form  a  comparatively 
level  plateau  from  45  to  60  metres  high,  which  extends  about  6-5  kilo- 
metres south  of  the  present  ending  of  the  glacier,  and  is  about  1*6  kilo- 
metres wide.  Its  surface  bears  a  number  of  shallow  lakes;  and  here 
and  there  deep  ravines  mark  the  position  of  former  water  courses* 
The  western  subglacial  stream  has  cut  a  gorge  through  this  plateau, 
and  exi)osed  the  buried  forest  described  by  Prof.  Wright.*  For  three- 
quarters  of  its  length  the  plateau  ends  on  the  water  side  in  precipitous 
blufls,  below  which  there  is  a  narrow  beach,  only  covered  by  the  high 
est  tides.  On  the  east  side  the  blutt's  only  extend  for  a  kilometre  or 
so;  the  upper  surface  of  the  deposit  is  not  a  plateau,  but  slopes  gradu 
ally  down  to  the  bed  of  the  glacial  stream  at  the  foot  of  the  mountains 
This  stream  empties  into  the  inlet  just  below  where  the  bluffs  end 
South  of  the  stream  the  deposits  slope  gradually  up  from  the  beach  to 
a  height  of  about  120  metres  against  the  mountain  side. 
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The  inlet  is  quite  deep.  Prof.  Wright  reports  a  soanding  by  Gapt. 
Hunter  of  86  fathoms  about  1 200  metres  south  of  the  present  position 
of  the  ice-front.  Capt.  Carroll  last  summer  (1890)  found  within  100 
metres  of  the  ice-front  a  depth  of  120  fathoms.  This  does  not  necessa- 
rily indicate  that  the  inlet  increases  in  depth  as  we  approach  the  imme- 
diate neighborhood  of  the  ice,  for  the  earlier  sounding  may  not  have 
been  taken  in  the  deepest  part  of  the  channel. 

Muir  Oldcier. — Muir  Glacier  (see  illustration  No.  22)  occupies  a  de- 
pression in  the  mountains  about  00  kilometres  long  and  from  10  to  15 
wide.  It  is  fed  by  a  great  number  of  tributaries,  of  which  the  First 
Northern,  the  Second  Northet'n,  and  the  Northwestern  are  by  far  the 
largest.  These  again  are  made  up  of  many  smaller  glaciers.  The  gen- 
eral slope  of  the  surface  is  about  a  degree  and  a  quarter.  This  is  based 
on  a  barometrical  reading  made  between  Tre*e  Mountain  and  Granite 
Oanon.  The  appearance  of  the  glacier  to  the  northwest  indicates  that 
the  slope  there  is  about  the  same.  The  total  area  drained  by  this  sys- 
tem is  about  2  250  square  kilometres,  the  actual  surface  of  the  ice  being 
about  1 000  square  kilometres.  The  area  draining  into  Muir  Inlet  is 
about  2  000  square  kilometres.  Most  of  the  precipitation  which  falls 
on  this  area  flows  off  as  water  in  the  subglacial  streams;  the  rest,  com- 
pressed into  ice,  is  forced  through  the  narrow  gateway  about  4  kilome- 
tres wide  into  the  inlet,  where  the  glacier  terminates  in  a  vertical  wall 
of  ice,  varying  from  40  to  65  metres  above  the  water's  surface,  from 
which  large  masses  are  continually  separating  to  become  icebergs.*  As 
already  said,  the  depth  of  the  water  is  in  i>]aces  120  fathoms  or  220 
metres,  and  as  this  is  not  enough  to  float  a  mass  of  ice  which  rises 
as  high  above  the  water  as  Muir  Glacier  does,  the  ice  must  reach  to  the 
very  bottom,  and  must  attain  a  thickness  of  275  metres.  The  actual 
length  of  the  ice-front  £aeing  the  water  is  2  800  metres.  On  each  side 
the  glacier  sends  forward  a  wing,  which  rises  in  the  shape  of  a  wedge 
over  the  stratified  sands  and  gravels  of  the  shore.  The  upper  surfaces 
of  the  wings,  like  the  ice-front,  are  about  60  metres  above  the  water 
level.  This  applies  only  to  the  parts  of  the  wings  overlooking  the  inlet ; 
the  parts  nearer  the  side  mountains  are  15  to  30  metres  lower,  and  here 
the  ice  ends  like  an  ordinary  alpine  glacier.  The  wings  are  fringed 
by  treacherous  quicksands,  which  support  large  stones  and  look  firm 
enough,  but  the  tourist  who  steps  upon  them  carolevSsly  will  quickly 
sink  in  over  his  ankles.  These  quicksands  are  composed  of  fine  glacial 
mud,  thoroughly  soaked  with  water  from  the  melting  ice. 

The  ice-front  has  a  wonderful  (u»loring.  Plac^es  from  which  ice  has 
recently  broken  off  are  deep  blue,  sometimes  almost  black.  This  color 
lightens  under  exposure  to  the  aii*  and  sun,  and  in  a  few  days  becomes 
pure  white.  All  stages  are  represented  in  the  ice-front,  which  there- 
fore shows  all  shades  of  blue  in  striking  variety. 


REPORT   FOR    1891 — ^PART   H.  491 

Report  of  an  Expedition  to  Muir  Olaoier,  AlasJcay  etc. — Continned. 

Tributaries. — Beginning  at  the  right  (see  the  illustration),  we  find 
three  tributaries  coming  in  from  the  southeast.  The  Dirt  Glacier 
sweeps  around  in  a  great  curve  from  behind  Mount  Wright;  its  lower 
part  is  completely  covered  with  debris  for  fully  2*5  kilometres  from  its 
mouth;  above  this  the  glacier  is  particularly  clean.  The  White 
Glacier,  which  joins  the  Muir  just  beyond  Mount  Case,  is  remarkably 
beautiful.  Arising  in  a  circle  of  snowy  mountains,  it  flows  down  a 
deep  and  narrow  valley  at  an  angle  of  about  10^,  its  very  white  surface 
marked  by  the  wonderfully  symmetrical  parallel  curves  of  three  or  four 
dark  moraines.  It  is  about  6*5  kilometres  long  and  0-8  wide.  A  little 
farther  is  the  Southeastern  Tributary,  fed  by  a  number  of  smaller 
glaciers.  This  glacier  is  not  hemmed  in  by  mountains,  but  crosses  a 
divide  to  the  east  of  ai5,  over  which  the  ice  flows  into  some  valley  on 
the  otlier  side.  This  divide  has  an  altitude  of  600  or  750  metres. 
About  15  kilometres  southeast  of  our  camp  a  large  glacial  stream  dis- 
charges into  Gliicier  Bay.  It  must  drain  the  southern  side  of  the 
mountains  which  bound  these  three  tributaries.  A  little  farther  to  the 
east  is  Main  Valley,  wliich,  though  it  probably  once  contained  a  tribu- 
tary, is  now  an  outlet  of  Mnir  Glacier.  The  ice  flows  down  tliis  valley 
in  a  stream  3  miles  wide,  but  apparently  with  a  very  slow  motion.  A 
few  mih^s  down  the  valley  the  ice  ends  in  a  high  wall  facing  Main 
Lake,  into  which  it  occasionally  dis<'harges  a  berg.  The  stream  drain- 
ing this  lake  flows  through  a  broad  flat  valley  of  sands  and  gravels  to 
the  southeast,  and  finally  empties  into  Lynn  Canal.  The  three  valleys 
entering  the  eastern  side  of  Main  VaUey  also  have  flat,  gravel-covered 
floors,  thi'ough  which  rush  the  streams  from  the  snow  fields  and  small 
glaciers  at  their  heads.  Two  of  these  valleys  are  beyond  the  present 
termination  of  the  gUicier.  Formerly  the  ice  must  have  extended 
across  their  mouths,  hemming  them  in  and  converting  them  into  lake 
beds.  The  upper  valley  is  now  in  just  this  condition.  The  lake  which 
occupies  it  has  been  called  Berg  Lake  on  account  of  the  great  number 
of  icebeigs  in  it  last  summer  (1890).  Just  to  the  north  of  the  entrance 
to  Main  Valley  lies  the  Girdled  Glacier,  so  called  on  account  of  the 
moraine  whi('h  completely  surrounds  it;  it  can  be  seen  from  the  end  of 
Muir  Glatuer,  but  is  so  fore-shortened  that  one  would  not  suspect  that 
the  visible  portion  is  5*5  kilometres  long.  To  the  west  and  separated 
from  the  Girdled  Glacier  only  by  a  narrow  ridge  is  Granite  Cation,  a 
deep  gorge  w^ith  precipitous  sides  running  about  13  kilometres  into  the 
heart  of  the  mountains.*  The  ice  slopes  downward  into  the  canon, 
whose  drainage,  however,  must  be  back  under  the  ice;  for  although  I 
was  unable  to  see  every  point  of  the  ridge  which  closes  in  the  back  of 
this  valley,  I  could  see  sufficient  of  it  from  difi'erent  points  of  observer 
tion  to  convince  me  that  no  part  of  it  was  less  than  300  metres  above 


*  This  was  named  from  the  crystalline  nature  of  the  rock,  which,  however,  is  not 
a  true  granite.    (See  paragraphs  under  heading  Oeology,) 
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the  rioor  of  tlh»  valley.  Thi.s  cmious  coinliliv)!!  sceiiis  to  bo  due  to  the 
fact  that  this  valley  once  eoiitained  a  tributary  glacier,  which  on 
account  of  the  present  smaller  8iipi>ly  of  ice,  and  the  retlection  of  the 
heat  from  the  northern  side  of  the  canon,  has  nn-lted  down  more 
rapidly  than  the  surface  of  the  main  glacier;  so  that  now,  although  this 
1  could  not  see.  the  glaciers  diaining  into  this  valley  are  probably 
entirely  separated  from  the  ice  entering  at  its  month.  The  tributaries 
so  far  mentioned  supply  none  of  the  ice  which  forms  ice  front  in  Muir 
Inlet;  all  the  ice  coming  from  them  that  does  reach  the  end  of  the 
glacier  is  compressed  into  alxmt  75()  metres  between  the  ice  fi-ont  and 
the  numntain  to  the  east.  If  a  line  were  drawn  from  station  H  to  the 
eastern  side  of  the  fiist  Northern  Tributary,  and  a  second  line  to  the 
northwest  at  right-angles  to  the  tirst,  the  sources  of  all  the  ice  which 
i*eaches  the  ice  front  would  lie  in  the  ([uadrant  between  tliem. 

The  first  and  second  Northern  Tributaries,  and  the  main  glacier 
present  no  striking  peculiarities.  These  are  immense  streams  of  ice 
fed  by  innun\erable  smaller  glaciers;  the  mountains  which  rise 
between  them  and  through  them  are  deeply  lad(*n  with  snow,  and 
toward  the  northwest  seem  to  raise  only  their  summits  through  the 
icy  sea.  The  extremities  of  these  branches  could  not  be  clearly  de- 
termined, although  they  all  seem  to  connect  by  low  divides  with  valleys 
beyond.  The  Northwestern  Tributary  In^ads  in  two  beautiful  white 
conical-looking  mountains,  which  we  have  called  the  Snow  Cones.  A 
part  of  its  ice  flows  over  the  divide  between  l,  and  I5  and  joins  a  large 
glacier  which  is  ])robably  identical  with  the  one  which  enters  the  head 
of  Glacier  Bay.  The  Western  Tributary  supplies  no  Lee  to  the  ice  front; 
moreover,  its  snow"  fields  are  too  small  and  too  low  to  supply  ice  for  a 
glacier  of  its  width,  audit  is  evidently  melting  away.  At  its  western 
extremity  it  crosses  over  a  divide  and  flows  into  a  valley  beyond. 

The  mountains  immediately  surrounding  Muir  Glacier  are  not  high, 
the  highest  peaks  being  between  1800  and  2  400  nu^tres.  The  moun- 
tains which  lirsl  attract  the  attention  of  the  visitor  are  Mount 
Wright,*  Mount  Gase,t  and  Pyramid  Peak;  the  first  two,  by  their 
jagged  crests,  seamed  by  snow  coidoirs;  the  last  by  its  symmetrical 
form;  all  three  by  their  proximity.  The  more  distant  mountains  seem 
to  lack  S(mn»what  in  individuality;  this  is  largely  due  to  their  distance, 
thv  they  are  from  25  to  50  kilonu^tres  away.  All  is  bare  and  bleak,  and 
the  scenery  is  entirely  lacking  in  pi«*tures(|ueness.  If  we  go  out  on 
the  ice  as  far  as  IT  the  three  bold  peaks  of  Mount  Young  show^  them- 
selves over  Tree  Mountain;  and  the  beautiful  Snow  Cones  at  the 
head  of  the  Northwestern  Tributary  can  be  se(»n. 

Drainage. — The  princii^al  drainage*  of  the  glacier  is  into  Muir  Inlet. 
On  each  side  of  the  inlet  a  large  stream  issues  from  the  end  of  the  ice 


•"  Named  after  Vvof.  Wriglit,  who  8]>ont  some  time  Btndyiug  Muir  Glacier  iu  1S88. 
He  liae  deHfribed  it  in  Ink  Ice  Age  in  North  America. 

t  After  the  Cuite  School  of  Ap)died  Science,  Cleveland,  Ohio. 
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at  a  number  of  points,  and  after  a  rapid  course  of  l)etween  1-5  and  2*6 
kilometres  empties  into  the  inlet,  forming  quite  a  large  delta.  These 
streams  were  about  10  metres  wide  and  lialf  a  mi^tre  deep.  Their, 
course  is  so  swift  that  they  roll  down  stones  as  large*  as  one's  list;  but 
the  principal  material  that  they  carry  off  is  in  tin*  form  of  fine  mud.  We 
used  this  water  largely  in  our  camp,  and  found  that  although  most  of  the 
mud  would  iirecipitate  wheij  allowed  to  stand  for  a  few  hours,  still  the 
water  remained  quite  turbid  even  after  three  or  four  days.  The  muddy 
character  of  the  water  in  the  inlet  a  little  west  of  the  middle  of  the  ice 
front  shows  that  another  stream  must  discharge  in  that  region,  either 
under  or  through  the  ice.  A  small  part  of  the  drainage  of  the  glacier 
l)a«ses  down  Main  Valley,  but  this  does  not  amount  to  very  much.  I 
think  the  principal  sources  of  the  stream  in  this  valley  are  from  the 
snow  fields  and  smaller  glaciers  on  its  sides. 

Geology. — The  geological  observations  were  undertaken  by  Mr.  Gush- 
ing. Some  rocks  collected  near  the  glacier  were  submitted  for  micro- 
S(M»])ical  examinati<m  to  Dr.  George  H.  Williams,  of  the  Johns  Hopkins 
University.  The  ibllowing  is  extracted  from  their  reports.*  The  rock 
bordering  the  glacier  on  the  south  and  southeast  is  slate.  It  has  a 
very  variable,  but  in  general,  high  dii)  to  the  southwest,  and  is  much 
faulte<l.  On  the  east  side  of  Muir  Inlet  this  is  overlaid  conformably  bj" 
limestone,  the  junction  reaching  tide  water,  about  13  kilometres  south- 
east of  the  glacier.  The  southwesteni  shore  of  (llacier  Bay  and  the 
islands  near  it  are  composed  of  this  rock.  In  one  of  these  islands  Mr. 
Gushing  found  fossils  which  make  it  i)robable  that  the  limestone  and 
underlying  slate  are  of  i)aleozoic  age. 

The  western  i)ait  of  the  glacier's  basin  consists  of  quartz  <liorite, 
light  gray  in  color.  Tlie  line  of  junction  with  the  slates,  beginning  at 
the  small  glacier  on  the  northern  shtmlder  of  Pyramid  i*eak,  runs 
east^M'ly,  passes  between  the  F  and  K  ridges,  and  then  between  II  and 
1.  It  then  turns  to  the  northwest,  passing  between  g^  and /i.  The 
northern  mountains  are  diorite,  bordered  on  the  south  by  a  narrow 
band  of  slate.  The  eruptive  rocks  (the  diorites  and  quartz  diorites) 
are  full  ot  dikes  running  in  all  <lir(»ctions.  The  eruj>tions  occurred  at 
two  or  more  i>eriods.  Some  of  these  rocks  are  very  old,  and  ch)8ely 
resemble  archean  terranes  occurring  in  the  Gordilleras  further  south. 
Although  the  difficulties  of  travel  prevented  Mr.  (lushing  from  exam- 
ining the  region  very  thoroughly,  he  thinks  we  have  to  <lo  here  with  a 
tilted  block  dipping  towards  the  southwest,  but  much  distorted  by 
minor  folds  and  by  faults. 

Changes  going  on, — Many  indications  show  that  Muir  Gla<'ier  is 
becoming  smaller,  and  considerable  changers  may  be  expected  before 
many  years.     Main  Lake  and  r>erg  Lake  art*  now  seiiarated  by  a  very 


*Tlie8e  reports  are  ^iven  in  full  in  "Studies  of  Muir  Ulft'cier,"  Nat.  Geog.  Mag., 
Vol.  IV. 
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short  distance;  and  it  will  not  be  lonji^  hot'ore  they  unite.  This  will 
result  in  the  draining  of  Berg  Lake,  which  event  will  probably  he 
marked  by  a  flood.  The  melting  of  the  i<*e  in  Main  Valley  must  he 
rapid,  for  the  great  ext43nt  of  its  termination  there  presents  a  large* 
surface  for  melting.  When  this  termination  has  receded  4  or  5  kilo- 
metres, and  the  surfa(!e  of  the  ice  has  sunk  00  to  100  metres,  the  ice 
from  the  first  northern  and  from  the  southeastern  tributaries  will 
probably  be  in  part  defle<;ted  into  Main  Valley. 

The  small  lake  which  occupies  a  latt^ral  valley  opening  into  Granite 
OaOon  will  probably  extend  as  the  ice  diminishes,  and  perhaps  occujiy 
a  large  pait  of  the  canon  itself. 

Prof.  Wright  hjis  kindly  sent  me  some  photographs  which  he 
tm>k  of  the  glacier  in  1880.  By  comparing  these  with  our  ))hotographs 
we  can  readily  fix  on  our  map,  within  100  metres,  the  i)ositioii  of  the 
ice  front  at  the  time  of  Prof.  Wright's  visit.  This  shows  that  in 
the  four  years  from  1880  to  1800,  the  western  end  of  the  ice  front  lisis 
receded  1  100  metres  and  the  easUnn  end  000  metres.  The  cent(»r  has 
also  receded  alnuit  1 100  metres,  so  tliat  the  average  recession  of  the 
ice  front  is  about  1  (KK)  metres  in  four  years.  Prof.  Muir  writes 
me  that  the  notes  of  his  first  visit  to  the  glacier  in  1879  show  that  the 
ice  then  extended  almost  to  our  station  J).  The  rate  of  retreat  deduced 
•from  this  accords  fairly  well  with  that  given  above.  The  ice  front, 
therefore,  must  have  extended  as  far  as  island  O  twenty  years  ago. 
Below  C,  I  think  the  retreat  was  more  rapid,  for  there  the  g]a<*ier 
presented  a  much  wider  front  to  the  water,  from  wiiicli  a  corresinrnd- 
ingly  larger  quantity  of  ice  must  have  broken  oil*.  And  this  could 
hardly  have  been  entirely  compensated  for  by  a  greater  velocity  of 
flow,  on  account  of  the  many  obstructions  in  the  neighborhood  of  the 
present  position  of  the  ice  front.  It  does  not  seem  at  all  incredible 
that  the  ice  from  the  various  glaciers  of  Glacier  Bav  mav  have  united 
to  fill  a  large  part  of  the  bay  a  hundred  years  ago.  Prof.  Wright's 
iuteri)retation  of  Vancouver's  description  seems  perfectly  in  accord 
with  what  our  observations  would  lead  us  to  conclude. 

The  retreat  is  probably  not  regular,  but  is  faster  some  years  than 
others;  and  even  varies  (M)nsiderably  at  diflerent  parts  of  the  same 
season.  For  two  or  three  weeks  in  August  (1800)  there  was  scarcely 
any  fall  of  ice;  in  the  two  weeks  following  the  fall  was  so  rai)id  that  a 
great  bay,  fully  a  quarter  of  a  mile  deep,  was  made  in  the  eastern  part 
of  the  ice  front,  which  was,  before  this,  only  slightly  concave.  1  have 
collected  on  the  max)  ^^®  positions  of  the  ice  front  at  several  periods; 
this  shows  the  retreat  at  a  glance,  much  better  than  it  can  be  described 
in  words.    The  changes  in  the  shape  of  the  front  will  also  be  evident. 

The  present  rate  of  recession  of  the  ice  front  in  Muii*  Inlet,  a  kilo- 
metre in  four  years,  will  probably  be  exceedexl  in  the*  near  future,  for 
it  has  reached  a  point  where  the  conditions  change.  The  deposits 
which  supxK)rt  the  wings  are  almost  at  the  water's  level  at  the  ice 


REPORT   FOR   1891 — PART   II.  495 

Report  of  an  Expedition  to  Muir  Glacier^  Alaska^  etc, — Continued. 

front,  and  slope  down  at  an  angle  of  6°  or  7^;  a  little  farther  back 
they  will  be  below  the  water's  level  and  the  ice  front  will  be  broader, 
resulting  in  an  increased  amount  of  loss  by  breakage,  and  hence  a  more 
rapid  retreat.  Ten  or  fifteen  years  will  probably  see  the  Dirt  Glacier 
ou  the  east  and  the  Western  Tributary  on  the  west,  entirely  separat^i 
from  the  niain  ice  stream.  The  middle  part  of  the  valley  which  con- 
nects Muir  Inlet  with  the  upper  i)art  of  Glacier  Bay  is  now  occupied 
by  a  small  glacier  without  feeders,  evidently  the  remains  of  a  much 
larger  body  of  ice.  It  probably  derived  its  supply  principally  from 
the  main  body  of  ice  which  formerly  filled  the  bay.  This  glacier,  which 
we  called  the  Dying  Glacier,  is  rapidly  melting  away;  in  fifteen  or 
twenty  years  I  think  its  bed  will  be  emx)ty.  The  maps  1  have  made 
will  enable  us  to  determine  with  considerable  accuracy  the  amount  of 
these  changes  in  the  future.  I  should,  however,  say  that  although  the 
northern  end  of  Main  Lake  is  in  its  right  place,  the  southern  end  is 
only  approximately  determined.  The  ends  of  the  Dying  Glacier  are 
also  only  approximate. 

THE  SURVEY. 

I. — BY  TRANSIT. 

The  west  side  of  the  iidet  was  the  best  place  for  measuring  ojnr  base 
line,  as  it  oftered  a  i)retty  long  stretch  of  fairly  level  ground.  The 
base  line  was  measured  on  July  5,  with  a  30-metre  steel  tape  (No.  23 
XJ.  S.  Coast  and  Geodetic  Survey).  • 

Wooden  stakes  were  driven  into  the  ground,  and  into  the  top  of  each 
was  driven  a  tack;  the  measures  were  all  made  from  the  noiiih  edges 
of  the  tacks.  The  tape  was  stretched  by  a  spring  until  the  tension  was 
16  pounds.  Where  the  ground  sloped,  the  tape  was  held  as  nearly 
level  as  possible,  and  plumb  bobs  were  used  to  project  the  tape  ui)on 
the  edge  of  the  tack.  The  base  wfis  nu^asured  twice,  first  from  B  to  A, 
and  then  from  A  to  B.  The  two  values  obtained  were  962*301  and 
1>62%330  metres.  This  close  agreement  shows  that  the  measures  were 
carefully  made;  and  the  average  adopted,  962-32  metres,  is  probably 
not  in  error  by  5  centimetres.  The  temperatui*e  of  the  aii'  was  12'5o  C., 
and  would  cause  but  a  slight  correction  if  the  tai)e,  a«  usually  made, 
were  corre<'t  at  ordinary  temperatures.  No  temperature  correction 
was  introduced.  White  flags  were  planted  at  the  ends  of  the  base  line 
and  the  stiitions  called  B  (north  end)  and  A  (south  end).  The  stations 
A  and  B  were  then  determined  trigonometrically.  Angles  were  taken 
from  these  stations  and  from  D,  Gami),  E,  and  K.  The  transits  used 
were  (.'asella  120  and  3123,  having  23-inch  horizontal  and  vertical 
circles  reading  to  minutes  by  two  verniers,  and  telescopes  magnifying 
retimes.  The  angles  were  measured  several  times;  the  sum  of  the 
three  angles  of  the  various  triangles  differed  on  an  average  about  2' 
from  180^.    The  excess  or  defect  was  divided  between  the  three  anglen^ 
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but  no  attenii)t  was  intMle  to  inrtk<»  tin*  sum  of  tlie  aujrh»R  at  a  particular 
station  cciual  to  MO^'.  The  prnnts  L,  M,  ^4,  r..,  were  also  determined 
tri^onoHietncally,  but  tho  transit  was  not  set  up  at  tli<»sr  {K)ints.  The 
lollowing:  are  stune  oi"  the  distanrrs  thus  <leterniine(l  ^  A — li  is  the  base 
line  measured): 


Mttrrs. 
A — 1>        9^2-52 
K-     I)       24«)2-2 
IM"amp    Si<^-26 
K  ("aiiii>  2201 -2 
I.) — I.      3CK>I"0 
K — \.      4110-2 


Mettrs. 
D—M     1075-6 
I-!  -M     197.V2 
M      I.     2444-7 
K     ^4  2.^713 
K--r2   28S65 


The  distance  D — E  was  detei miniMl  tlnoujjh  tlie  four  triangles  B,  D, 
K;  K,  J),  E;  Camp,  I),  E;  and  A — H,  D,  E;  the  other  two  sides  of 
each  of  these  trianp^les  havin*^  been  already  detiMinined.  The  average 
gives  IVXl'^l  as  in  the  table,  which  is  ])robably  true  to  the  fourth  figure. 
At  E  and  at  I)  cairns  of  stones  were  made  surrounding  the  tlag.  These 
cairns  were  about  four  feet  high,  and  were  matle  of  the  largest  st-cmes 
that  we  could  move,  so  ])iled  uj)  as  to  hold  the  tlags  firndy  in  their 
midst,  i  think  thev  will  remain  if  unmolested  five  or  ten  vears,  ami 
will  serve  to  connect  our  map  with  any  future  surveys  that  may  be 
made  in  this  regiim.  If  these  cairns  shouhl  not  last  J  think  the  two 
peaks,  Mount  Wright  and  c4,  would  make  the  best  ))oints  of  connection. 
The  former  on  the  east  side  of  ^Sfuir  Inlet  can  not  be  mistaken;  the 
latter  is  a  sharp  peak  with  symmetrical  shoulders,  and  when  seen  from 
the  end  of  the  glacier  is  slightly  to  the  west  of  the  entrance  of  Granite 
Canon.     It  is  tin*,  highest  ^>eak  in  its  neighborhoo<l. 

The  meridian  line  was  determined  near  (mr  cami>  in  conne^^ticm  with 
observations  for  magnetic  declination,  but  it  was  not  determine<l  at  any 
of  our  trigonometri<».  stations,  and  theretbre  w(»  must  <letermiue  the 
orientation  of  our  nmj)  graphically.  This  gives  tor  the  direction  of 
the  line  E — i),  X.  11^  4:5'  IC.  (astron).  The  error  is  probably  not  more 
than  5'. 

Altitudes  were  determined  trigonometrically  with  I'espect  to  Camp 
Muir,  and  S  metres  [Wm^^  estimated  height  of  the  latter  above  mean  tide) 
added.    The  following  are  sonu»  of  these  altitudes: 


jMefrrs. 

Mr'frex 

Camp  Muir, 

8 

Mount  Case, 

1679 

K, 

271 

Wri^lit. 

I  507 

I», 

.^2-5 

/•4. 

167S 

A, 

53 

.2, 

I0'»5 

B. 

59 

'/2, 

2175 

ryramid  Peak, 

I  240 

^4, 

1473 

W<^  expected  to  d<»termine  many  altitudes  by  simultaneous  observa- 
tions  of  the  banmieter  at  camj)  (mercurial  barometer  17.'W,  Ctmst  and 
(Icodetie  Survey)  and  of  the  aneroids  at  other  ]>iunts.  I>ut  tbe  latter 
instruments  worked  so  ujisatisfactorilv  that  few  of  our  bar4)nu^trieal 
altitu<h»s  \v«'re  reliable.  Only  the  reliable  ones  have  been  eutei'ed  on 
t)w  map. 
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II. — BY  PLANK  TABLE. 

The  instrument  used  was  Plane  Table  No.  81  of  the  IT.  S.  Coast  and 
Geodetic  Survey.  The  table  itself  was  39  by  49  centimetres.  The  top, 
alidade,  and  tripod  complete  weighed  about  40  pounds,  and  was  very 
clumsy  to  carry. 

The  scale  of  the  map  was  1-99300.  This  was  changed  to  1-100000 
for  the  final  map.  I  have  carefully  abstained  from  filling  in  uncertain 
portions  of  the  map  conjecturally;  I  have,  however,  in  some  places 
added  with  dotted  lines  the  ridges  or  peaks  whose  x)ositions  were 
roughly  determined,  also  the  boundaries  of  some  small  tributary  gla- 
ciers, when  the  positions  of  the  surrounding  ridges  made  it  probable 
that  no  serious  error  could  be  made.  Contour  lines  of  200  feet  were 
added  on  the  glacier  to  show  the  general  shape  of  its  surface,  but  they 
pretend  to  no  ac<juracy. 

The  survey  was  begun  at  B  and  H.  The  point  H,  though  not  de- 
termined trigonometrically,  had  its  position  fixed  as  soon  as  some  trigo- 
nometric stations  were  plotted  in.  The  plane  table  was  also  set  up  at 
Camp,  D,  L,  M,  O,  P,  R,  K,  S,  T,  and  V ;  the  positions  of  all  thoae  sta- 
tions except  the  first  foui*  being  determined  by  the  three-point  method, 
by  aid  of  mountain  peaks,  which  had  already  been  plotted  in.  The 
l)oints  determined  by  plane  table  or  trigonometrically  are  marked  thus: 
0 ,  on  the  map.  I  do  not  think  any  of  these  points  are  out  of  their  true 
position  by  1%  of  their  distance  from  E.  At  each  of  the  stations  V, 
O,  P,  R,  N,  and  T,  a  number  of  photograi)lis  were  taken  in  difi*erent 
directions.  These  have  been  very  useful  in  working  up  details  of  topog- 
raphy, and  in  some  instances  have  served  to  fix  with  considerable  accu- 
racy the  position  of  certain  peaks  and  thus  the  direction  of  some  ridges. 
I  have  also  made  a  map*  of  the  northern  piirt  of  the  Muir  Inlet  on  a 
scale  of  1-20000.  This  map  shows  pretty  well  the  general  topography  of 
this  region,  and  also  the  position  of  the  ice-front  at  various  dates.  It  also 
shows  where  we  phuited  our  flags  for  measuring  the  motion  of  the  ice. 
This  work  was  carried  out  with  great  care.  The  greatest  velocity  we 
found  was  2.2  metres  a  day  for  Flag  6^  The  side  flags  showed  scarcely 
any  motion. 

Geographical  position. — ^The  latitude  of  our  camp  wa«  determined  by 
the  following  observations  on  the  meridian  altitude  of  the  sun,  made 
with  the  Casella  23-inch  transit  No.  120: 


Dale. 

Station. 

latitude  of 
station. 

Latitude  of 
Camp  Muir. 

1890. 

July    13 

16 

17 

Sept.      8 

Camp  Muir, 
E, 
K, 

Camp  Muir, 

0          / 

58    4975 
58    5025 
58    5050 
58    SO 

0          / 

58    4975 
58    4975 
58    49-50 
58    SO 

*  See  Nat.  Geographic  Magazine,  Yol.  iv,  Plate  15. 
H.  Ex.  43,  pt.  2-32 


498  U  8.  COAST  AND  GEODETIC  SURVEY. 

This  gives  an  average  of  58^  49^7  for  Camp  Mair.  Our  instramenta 
read  to  minates,  so  that  this  average  can  not  be  relied  on  closer  than  a 
half  minute,  though  I  do  not  think  the  error  is  greater  than  this.  This 
would  make  the  latitude  of  E  58^  50'.5. 

No  satisfactory  deteimination  of  longitude  was  made.  When  we  first 
went  into  camp  the  chronometer  was  unfortunately  allowed  to  run 
down ;  and  when  we  left,  it  stopi)ed  without  any  apparent  reason.  An 
attempt  was  made  to  determine  longitude  by  comparing  our  chronome- 
ter with  those  of  the  steamers  of  the  Pacific  Coast  Steamship  Company, 
which  brought  tourists  every  week  to  see  the  glacier;  but  these  chro- 
nometers differed  so  much  among  themselves  that  no  reliance  could  be 
l>ut  on  the  result. 

Mr.  Junkon,  of  the  Coast  Survey,  by  reference  to  the  best  map  of  the 
region,  which  is  somewhat  conjectural,  has  given  me  as  the  longitude 
of  our  camp  130^  8'  west  of  Greenwich,  which  he  thinks  is  not  in  error 
more  than  5'.    I  have  adopted  13Go  5'  west. 

The  eastern  limit  of  the  region  surveyed  must  lie  between  12  and  20 
kilometres  from  the  shore  of  Lynn  Canal,  and  probably  the  mountains 
on  th»  east  of  our  map  are  visible  from  Sullivan  Island.  Davidson  Gla- 
cier must  have  tributaries  in  the  mountains  which  close  up  Granite 
Canon.  Whether  or  not  one  of  its  tributaries  connects  by  a  compara- 
tively low  divide  with  the  First  Northern  Tributary  of  Muir  I  can  not 
say  I  but  it  does  not  seem  imx^ossible.  If  there  is  any  such  connection 
between  these  two  glaciers,  the  point  indicated  is  where  it  will  undoubt« 
edly  be  found. 

Magnetic  observations. — These  were  made  with  the  Bache  Fund 
Magnetometer  and  Dip  Circle  No.  12  (of  about  24  centimetres  diam- 
eter), both  belonging  to  the  Coiist  and  Geodetic  Survey.  The  magnetom- 
eter wa«  not  ,'adapted  for  determining  deflections,  but  only  for  declina- 
tions and  oscillations.  For  the  latter  a  mean  time  chronometer  (So. 
1285,  Coast  and  Geodetic  Survey),  was  used.  The  moment  of  inertia  was 
determined  in  the  field.  For  this  purpose  a  special  stirrup  was  made. 
The  upi)er  bar  of  the  stirrup  was  cylindrical,  2  millimetres  in  diameter, 
and  carried  two  small  brass  cylinders,  which  could  slide  on  it  so  as  to 
press  against  stops  near  the  center  of  the  bar  (cylinders  '^in"),  or 
against  stops  at  the  ends  of  the  bar  (cylinclers  '^out").  The  moment 
of  inertia  of  the  system  could  thus  be  altered  by  a  definite  amount  (the 
increase  was  about  four-fifths  of  the  moment  of  inertia  with  cylinders 
''in")  without  changing  the  mass.  The  masses  and  distances  between 
the  centers  of  mass  of  the  cylinders,  ''in"  and  "out,''  were  determined 
in  the  laboratory  before  starting  on  the  expedition. 

The  variation  of  magnetic  moment  with  temperature  was  determined. 
Two  series  of  observations  gave,  respectively,  for  the  coefficient  of 
variation  for  1°  centigrade,  '00073  and  -00077.  The  mean  was 
adopted.  The  magnetic  moment  of  the  magnet  was  determined  some 
time  after  our  return;  and  I  do  not  tliink  the  values  of  the  horizontal 
and  total  forces  can  be  relied  on  more  closely  than  1  or  2  per  cent* 
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Quantities  given  in  this  report  are  in  Coast  and  Geodetic  Survey 
units  (0.  G.  S).  In  the  observations  for  dec^liuation,  the  astronomical 
meridian  was  determined  by  afternoon  observations  on  the  sun. 

Special  tents  were  erected  for  the  magnetic  instrument-s  at  Gamp 
Muir.  The  magnetometer  was  80  and  the  dip  circle  60  metres  from  our 
tents.  During  the  observation  with  the  former  the  latter  was  about 
100  metres  distant. 

Magnetic  observation  at  Camp  Muir^  Glacier  Bay^  Alaska. 


Date. 

DecliBation.* 

Daily  api)roxi- 
matc  range. 

Dip. 

Horizontal  in- 
tensity. 

Total   in- 
tensity. 

1890. 
Aug.    22 

23 
Sept.      5 

8 

9 
10 

0      / 

—  30  278 

—  30  26*1 

—  30  24- 1 

/ 

6*9 

8-4 
5-4 

0      / 
75  49-8 

75  sn 

•150 

Mean, 

—  30  26 

6-9 

75  508 

0*150 

0-614 

*The  uegative  sign  moans  easterly  declinatiun.    The  obsorvatlons  were  made  by  the  writer. 

Meteorological. — ^Regular  observations  were  made  under  the  direction 
of  Mr.  Gushing,  and  a  complete  record  sent  to  the  U.  S.  Signal  Service. 
The  barometer  used  was  No.  1738  of  the  Coast  and  Geodetic  Survey. 
The  maximum,  minimum,  wet,  and  dry  bulb  thermometers  wxio  lent  me 
by  Prof.  Whitman,  of  Adelbert  College.  The  rain  gauge  was  lent  by 
the  Signal  Service. 

A  short  summary  of  these  observations  is  appended.* 


1890. 

Temperature. 
(Fahrenheit  scale.) 

Barometer. 
(Inches.) 

Rain- 
fall. 

Mean 
humidity. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min. 

July. 
Aug. 

0 

45*2 
451 

0 
631 
639 

0 

35*4 
27-2 

30-089 
30123 

30-335 
30-418 

29-565 
29-787 

3«o6 
4-88 

82-2 
^3 

LIST    OF    INSTBUMENTS    LENT    BY  THE   U.   S.   COAST  AND   GfiODETIO 

S¥BVEY. 

Two  CaseUa  Theodolites  (Kos.  120  and  3123). 

Two  Telemeters  (No.  81). 

One  20-metre  Steel  Tape  (No.  23). 

One  Plane  Table  (No.  81). 

*  For  an  acoonnt  of  other  observations  made  on  this  expedition  see  Studies  of  Muir 
Glacier  in  the  Nat.  Geog.  Mag.,  Vol.  iv* 
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One  Bache  Fund  Magnetometer. 

One  Mean  Time  Chronometer  (No.  1285). 

One  Dip  Circle  (No.  12). 

One  Artificial  Horizon  (No.  30). 

One  Mercurial  Barometer  (No.  1738). 

One  Prismatic  Compass  (No.  108). 

Two  Draw  Telescopes  (Nos.  114  and  116). 

One  Clinometer  (No.  3). 

TwoNegretti  &  Zambra  Deep-Sea   Thermometers  (Nos.  66727 
and  57080). 

Two  Casella  Aneroid  Barometers  (Nos.  1098  and  2738). 
The  telemeters,  artificial  horizon,  and  deep-sea  thermometers  were 
not  used. 

In  addition  to  these  a  transit  and  several  other  instruments  belonging 
to  the  Case  School  of  Applied  Science,  and  a  number  of  thermometers, 
aneroids,  compasses,  etc.,  belonging  to  various  members  of  the 
expe<lition,  were  taken  with  us. 

MAGNETIC  OBSERVATIONS  AT  CLEVELAND,  OHIO,  1891. 

The  following  observations  of  the  magnetic  elements  were  made  at 
Cleveland  on  April  6  and  26,  May  30  and  31,  and  June  1, 1891.  The 
st-ation  was  the  pier  in  the  grounds  of  the  City  Hospital,  which  forms 
the  north  end  of  the  meridian  line  laid  down  by  the  U.  S.  Coast  and 
Oeodetic  Survey.  This  is  the  station  occupied  by  the  Coast  Survey 
party  in  1871  and  1880.  It  is  not  far  from  the  hospital  building  and 
within  200  yards  of  the  railroad.  A  passing  train  did  not  seem  to 
defiect  the  needle  more  th<in  a  minute  of  arc. 

The  instruments  used  were  Dip  Circle  No.  12,  and  the  Bache  Fund 
Magnetometer,  both  belonging  to  the  Cosist  and  Geodetic  Survey.  A 
small  tent  was  erected  to  protect  the  instruments  fi'om  the  wind  and 
rain. 

The  magnetic  moment  of  the  magnet  was  determined  at  the  Case 
School  of  Applied  Science  April  G  and  on  May  26.  The  needle  was 
oscillated  again  at  the  same  point  on  June  9,  and  the  product  mil  (from 
the  two  sets  of  observations)  differed  about  1  jnir  cent.  This  is  within 
the  limit  of  errors  of  observations.  The  stirrup  supporting  the  magnet 
with  the  two  movable  cylinders  was  the  same  that  wsis  used  in  the 
observations  at  Camp  Muir,  Alaska,  in  the  summer  of  1890. 

The  dip  was  determined  on  May  31,  and  June  1,  the  values  obtained 
being  72°  34'  and  72o  44'  respectively;  mean  72*^  39'.  This  is  less  than 
the  former  values  (1880)  obtained  here  by  nearly  half  a  degree,  but 
only  11'  less  when  compared  with  the  observations  of  1888  as  deter- 
mined by  the  XJ.  S.  Coast  and  Geodetic  Survey.  The  secular  change  is 
diminishing  the  dip. 
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The  meridian  line  laid  down  by  the  Coast  and  Geodetic  Survey  was 
used,  and  no  astronomical  observations  were  made  for  declination 
determinations.  These  were  obtained  from  maximum  and  minimum 
elongations. 

Declination  obtained. 


Date. 

Mean 
declination. 

Apparent 
daily  range. 

1891 
May     30 
May     31 
June       I 

Mean 

0      / 

2  184  W 
2  i8-3  W 
2  190  W 

16 
10 

9 

2  19     \V 

12 

This  declination  is  about  one-third  of  a  degree  greater  than  predicted 
in  Appendix  7,  U.  S.  Coast  and  Geodetic  Survey  Report  for  1888,  p. 
264,  but  only  12'  greater  than  the  revised  expression*  for  the  secular 
variation  sent  me  from  the  Survey  Office,  and  which  includes  my 
observation. 

The  horizontal  intensity  was  found  from  observations  on  April  6  and 
2(S  to  be  '1833  and  '1825,  average  0'183,  which  is  i>robably  not  in  error 
more  than  1  or  2  per  cent.    The  total  intensity  is  0-614  of  a  dyne. 

The  nearness  of  the  hospital,  the  iron  railings  around  the  grounds, 
and  the  railroad,  now  make  this  station  an  undesirable  one  for  mag- 
netic observations. 


o 


•D=+0-77+2-53  sin.  (1-3  m  -21-6),  where  m=yoar  of  observation— 1850. 


' 
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DETERMINATIONS  OF  GRAVITY  WITH  THE  NEW  HALF-SECOND  PENDU- 
LUMS OF  THE  COAST  AND  GEODETIC  SURVEY  AT  STATIONS  ON  THE 
PACIFIC  COAST,  IN  ALASKA,  AND  AT  THE  BASE  STATIONS,  WASHING- 
TON, D.  C,  AND  HOBOKEN,  N.  J. 


By  T.  C.  Mendvnhall,  Saperintendent. 
Completed  for  publication  Jane  25, 1892. 


In  previous  reports*  the  operations  of  the  Survey  in  the  determina- 
tion of  the  force  of  gravity  are  presented  in  more  or  less  detail.  The 
methods  in  use  were  essentially  those  that  had  found  favor  in  Europe  as 
well  as  in  this  country  during  the  last  half  century.  The  work  was  for 
the  most  part  done  under  the  direction  of  C,  S.  Peirce,  assistant,  who 
made  numerou8  and  important  contributions  to  both  the  theory  and 
practice  of  gravity  research.  The  active  interest  of  the  Survey  in  this 
subject  began  about  1873. 

The  numerous  and  often  extensive  discrepancies  between  geodetic 
and  astronomical  positions  indicated  the  importance  of  and  necessity 
for  the  investigation,  and  the  bearing  of  the  results  upon  geological 
problems  adds  additional  interest  to  it.  Much  valuable  experimental 
work  was  done  and  a  number  of  stations  occupied,  including  several 
in  the  old  world,  from  the  beginning  of  the  work  up  to  1890.  Some 
form  of  pendulum  whose  period  was  approximately  one  second  was 
used,  together  with  a  clock  having  a  seconds  pendulum;  the  method  of 
coincidences  and,  for  a  few  years,  that  of  chronographic  registration 
having  been  adopted  in  determining  the  period  of  the  gravity  pendulum. 

Eeversible  pendulums  were  generally  made  use  of,  but  the  measure- 
ments were  in  the  main  differential  and  not  absolute. 

A  serious  difficulty  in  the  way  of  continuing  the  investigation  on 
this  basis  was  its  cost,  when  considered  in  connection  with  the  number 
of  stations  occupied.    The  instrumental  outfit  of  a  party  was  large  and 

*  Annual  Beports  for  the  foUowing  years:  1876,  Appendix  No.  15;  1881,  Nos.  14, 

15, 16,  and  17;  1882,  No.  22;  1883,  Nob.  17  and  19;   1884,  Nos.  14,  15,  and  16;  1885, 

Nos.  16  and  17;  1888,  No.  14;  1890,  No.  12,  and  1891,  No.  13. 
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not  easy  to  transport;  much  was  required  in  the  way  of  the  prepara- 
tion of  a  station,  and  thus  a  single  determination  involved  the  expendi- 
ture of  30  much  time  that  it  was  extremely  desirable  to  devise  some 
means  of  more  rapid  working,  especially  if  this  could  be  done  without 
material  sacrifice  of  that  accuracy  which  the  nature  of  the  problem 
demanded. 

It  was  agreed  that  a  great  reduction  in  the  magnitude  and  com- 
plexity of  the  instrumental  outfit  of  a  pjirty  could  be  made  by  using  a 
pendulum  vibrating  in  a  half  second,  and  substituting  a  chronometer 
for  the  clock.  A  short  pendulum  had  already  been  used  with  success 
in  Europe  by  Von  Sterneck,  and  the  chronometer,  which  commends 
itself  especially  by  its  great  portability,  had  been  used  instead  of  a 
clock  by  many  experimentalists,  both  in  this  country  and  Europe. 

It  seemed  altogetlier  wise  to  make  use  of  the  method  of  coincidences 
in  measuring  the  x)eriod  of  the  pendulum,  and  also  that  some  optical 
method  of  doing  this  was  preferable  to  any  other.  It  was  determined 
that  invariable  non-reversible  pendulums  should  be  used,  except  at  a 
limited  number  of  base  stations,  where  absolute  values  of  the  force  of 
gravity  should  be  obtained  by  the  use  of  reversible  pendulums  or  by 
some  other  method. 

In  the  elaboration  of  the  plans  for  the  work  many  valuable  sugges- 
tions were  secured  from  Mr.  C.  A,  Schott,  Mr.  Edwin  Smith,  and  Mr. 
E.  D.  Preston,  assistants,  the  two  latter  having  had  large  practical 
exi^erience  in  gravity  work;  and  in  designing  and  constructing  the 
apparatus  the  services  of  Messrs.  Smith  and  Prest-on,  together  with 
Mr.  E.  Or.  Fischer,  chief  mechanician,  and  Mr.  G.  R.  Putnam,  aid,  U.  S. 
Coast  and  Geodetic  Survey,  were  invaluable  in  securing  the  realization 
of  the  proposed  improved  devices,  as  well  as  in  the  suggestion  and  in- 
vention of  many  of  them.  A  number  of  experimental  studies  of  the 
use  of  the  short  pendulum  were  made  by  Mr.  Preston,  and  the  final 
result  was  the  adoption  of  the  form  of  apparatus,  a  detailed  description 
of  which  has  been  prepared  by  Mr.  Putnam,  and  is  as  follows: 

DESOBIPTION  OF  APPARATUS. 

The  new  pendulum  apparatus  consists  of  a  set  of  three  quarter-metre 
pendulums,  a  dummy  or  temperature  pendulum,  an  air-tight  receiver  in 
which  the  pendulums  are  swung,  a  fiash  apparatus,  wherein  an  electro- 
magnet in  the  circuit  of  a  chronometer  moves  a  shutter  and  throws  out 
a  flash  of  light  each  second,  a  telescope  for  observing,  mounted  above 
the  flash  apparatus,  and  various  accessories,  such  as  small  air  pump 
for  exhausting  receiver,  break-circuit  chronometer,  barometer,  batteries, 
etc.  These  instruments  are  shown  in  the  accompanying  illustrations,* 
as  follows:  Nos.  23  and  24  show  the  complete  apparatus  (except 
barometer)  from  opposite  sides.    No.  25  shows  the  dummy  on  the  1^ 


•The  small  letters  refer  to  the  various  parts  in  illastration  No.  26. 
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and  the  three  pendaluniH  on  the  right.  In  Fig.  2  the  pendulum  is 
shown  suspended  from  the  planes  on  which  it  swings  (the  plate  being 
removed  from  the  receiver),  and  in  Fig.  4  the  handle  and  manner  of 
lifting  the  pendulum  are  represented. .  No.  2G,  Figs.  4  and  5,  are  side 
elevations  (one-quarter  full  size)  of  the  flash  apparatus  and  receiver, 
with  the  sides  cut  away  so  as  to  exhibit  the  arrangement  of  the  interior. 
Figs.  6  and  7  are  sections  (twice  full  size)  on  a  vertical  central  line  of 
the  front  of  the  flash  apparatus  box^  to  show  tlie  movement  of  the 
shutters,  as  will  be  further  described. 

The  receiver, — The  body  of  the  receiver  is  a  heavy  brass  casting, 
with  walls  7  millimetres  thick,  and  of  inside  dimensions  17  centimetres 
square  at  the  top,  21  by  28  centimetres  at  bottom,  and  38  centimetres 
high.  The  cover  (A;)  makes  an  air-tight  joint  when  a  little  tallow  is 
applied  to  the  contact  surfaces,  and  may  be  screwed  down  when 
necessary.  A  portion  of  t|ie  main  casting  forms  a  solid  shelf  {n)^ 
extending  entirely  across  the  receiver  on  one  side,  but  having  in  it 
oi)euings  through  which  the  pendulum,  dummy,  and  lever  (o)  liang. 
Tliis  shelf  carries  on  one  side  a  plate  on  which  the  dummy  pendulum  is 
supported  (not  shown),  and  on  the  other  the  plate  (m)  resting  on  the 
shelf  on  three  points  and  screwed  to  it.  This  plate  has  embedded  in  it 
the  agate  planes  on  which  the  pendulum  swings,  and  holds  the  pivots 
for  the  lever  used  in  lowering  and  raising  it.  The  plate  (m)  has 
screwed  to  its  face  an  adjustable  piece  {g)  holding  the  fixed  mirror, 
which  is  so  adjusted  that  the  images  of  the  slit,  as  seen  in  the  observ- 
iig  telescope,  reflected  from  this  mirror,  and  from  that  on  the  x)endulum 
when  hanging  freely  at  rest,  will  ai)pear  to  be  in  the  same  horizontal 
»ine,  and  slightly  overlap  each  other. 

The  horizontality  of  the  agate  planes  is  tested  by  means  of  a  sensitive 
level  mounted  over  a  knife  edge,  similar  to  those  of  the  pendulums,  and 
baving  a  susi>ended  weight  to  bring  the  center  of  gravity  below  the 
pHnes.  This  is  placed  and  reversed  on  the  planes  in  the  same  manner 
af  a  pendulum.  The  adjustment  is  made  with  the  three  heavy  foot 
screws  on  which  the  receiver  stands,  two  levels  mounted  on  the  out- 
side being  used  in  bringing  the  receiver  to  an  approximately  correct 
position.  These  outside  levels  are  also  read  after  the  final  adjustment 
has  been  made,  and  any  change  in  level  during  a  day's  observations  is 
detected  and  corrected  through  them. 

The  i)endulum  is  set  in  motion  or  stopped  by  the  arm  (r),  covered 
with  leather  at  the  point  of  contact,  which  is  worked  from  the  outside 
of  the  receiver  by  the  handle  shown  in  illustration  No.  23.  A^ustable 
screws  limit  the  motion  of  this  handle  in  each  direction,  so  that  it  may 
be  set  for  any  desired  amplitude  of  oscillation,  and  the  same  amplitude 
used  for  succeeding  swings. 

A  millimetre  scale  for  reading  the  arc  of  oscillation  la  &fttftxv^\:^>^s^ 
bottom  of  the  receiveT  immediately  under  Wi^  'gomX*  ol  XJi^^^^\!i^K^s«2B^ 
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and  is  graduated  from  zero  in  the  center.  A  microscope  (not  shown) 
carrying  a  mirror  to  throw  light  on  scale  and  point  is  mounted  opi)osite 
on  the  outside  of  the  receiver.  A  white  line  on  the  point  of  the  pendu- 
lum is  bisected  by  a  vertical  thread  in  the  microscope,  and  the  scale 
read  where  the  thread  intersects  it,  the  extreme  arc  on  each  side  of  the 
vertical  being  read  in  this  way.  The  pointing  of  tlie  microscoi)e  is  con- 
trolled by  a  quick-motion  screw. 

A  manometer  is  placed  on  one  side  of  the  receiver,  one  end  open  to 
the  air  and  the  other  connected  with  the  interior  (No.  23).  The  scale 
reads  in  millimetres  from  zero  in  the  center.  A  graduated  pipette  is 
provided  for  filling  the  manometer  with  mercury.  The  manometer  is 
removed  for  shipment.  Two  stop  cocks  (No.  24)  on  the  side  of  the 
receiver  afford  a  means  of  connecting  with  the  air  pump  through  a 
rubber  tube.  Three  windows  are  provided  through  which  to  observe 
the  mirrors,  the  arc  scale,  and  the  dummy  thermometer,  respectively. 
The  interior  of  the  chamber  is  covered  with  chamois  skin  to  protect  the 
pendulum  from  injury  should  it  accidentally  touch  the  walls  in  hand- 
ling. An  aligning  device  tits  on  the  top  of  the  receiver.  By  bringing 
the  telescope  into  range  with  twcf  crosses  on  this,  it  may  be  quickly 
placed  in  the  correct  position  for  observing,  so  that  the  image  of  the 
slit  as  reflected  from  the  mirrors  will  be  in  the  field.  The  stuffing 
boxes  for  the  lifting  screw  and  starting  lever,  as  well  as  the  joints  of 
the  windows,  are  constructed  in  such  a  manner  as  to  make  the  receiver 
practically  air-tight. 

Pendulums. — ^Three  pendulums  constitute  a  set,  the  advantage  of  this 
number  being  that  if  discrepancies  appear  in  the  results  the  one  at  fault 
may  be  detected.  Each  is  designated  by  a  letter  showing  the  set  to 
which  it  belongs  and  its  individual  number;  the  three  used  in  the 
observations  included  in  this  report  being  Al,  A2,  and  A3.  The 
pendulums  are  made  of  an  alloy  of  aluminum  10  per  cent  and  copper  90 
per  cent,  a  composition  which  experiment  proved  to  have  a  very 
resistance  to  corrosion;  they  are  highly  polished  but  not  lacqu| 
Each  weighs  approximately  1  200  grammes*,  and  is  about 
metres  in  length  from  the  center  of  the  bob  to  the  knife  j^^.  The 
lengths  of  Al,  A2,  and  A3  differ  slightly,  however,  their^oincidence 
periods  at  Washington  being  at  ordinary  temperature^poout  4-8  min- 
utes, 6'6  minutes,  and  6'2  minutes  (sidereal),  respectively. 

*The  A  pendnluniB  woro  weighed  twice  in  1801,  and  the  following  results  are 
given  by  the  Office  of  Standard  WoighlH  and  Measures: 


Pendulum  Ai. 
I'endulum  A2. 
Pendulum  A3. 


March  14. 


\ 


Grammes. 
1213-091 

1 19*7*537 


October  30. 


\ 


Gramnifs, 
1213-096 
1197-548 


\ 
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The  stem  and  bob  are  designed  so  as  to  offer  little  resistance  to  the 
air  when  in  motion.  The  bob  is  solid,  and  is  9  centimetres  in  diameter 
and  4*5  centimetres  thick  at  the  center,  its  faces  being  spherical  sur- 
fiices,  as  shown  in  Ko.  25.  The  stem  of  the  pendulum  is  rectangular 
in  section,  4  by  14  millimetres,  with  rounded  edges,  and  is  rigidly 
fastened  to  the  head  and  the  bob. 

The  knife  edge  is  a  continuous  piece  of  agate  passing  through  the 
head  of  the  pendulum  and  firmly  secured  to  it,  and  the  edge  proper  is 
formed  by  the  meeting  of  carefully  ground  faces  at  an  angle  of  about 
110^.  It  is  43  millimetres  in  length,  the  bearing  on  the  agat«  planes 
on  which  the  pendulum  swings  being  about  12  millimetres  at  each  end. 
The  two  pieces  of  agate  forming  these  planes  are  rigidly  embedded  in  a 
heavy  brass  plate  (w)  already  mentioned,  and  ground  to  a  single  true 
surface  after  they  are  in  position. 

A  small  circular  mirror  is  set  in  each  side  of  the  pendulum  head.  A 
careful  adjustment  was  made  of  these  mirrors,  so  that  from  any  of  the 
pendulums  with  either  face  front  the  image  of  the  slit  will  be  reflected 
into  the  same  x)ortion  of  the  field  of  the  observing  telescox)e  when  the 
latter  is  properly  placed. 

The  pendulum  is  carried  from  the  box  in  which  it  is  kept  to  the 
receiver  by  a  double-jointed  handle  (illustration  No.  25,  Fig.  4),  which 
has  nibbep-lined  hooks  fitting  under  pivots  on  either  side  of  the  head. 
It  is,  therefore,  never  necessary  for  the  liaud  to  come  in  contact  with  the 
pendulum.  When  placed  in  the  receiver  the  i>endulum  is  first  sus- 
pended upon  two  pivots  carried  on  the  end  of  the  lever  i,  which  pivots 
fit  into  corresi)onding  sockets  in  portions  of  the  head  projecting  at 
either  end  over  and  beyond  the  knife  edge.  This  lever  is  moved  by  a 
screw  (q)  on  the  outside  of  the  receiver,  so  that  the  pendulum  may  be 
gradually  lowered  until  it  hangs  freely  upon  the  agate  planes,  or  may 
be  raised  therefrom,  the  object  being  to  avoid  injury  to  knife  edge  or 
plane,  which  would  be  likely  to  result  from  suspending  the  i>endulum 
directly  by  hand.  A  spring  holds  the  lever  against  the  end  of  the 
screw,  and  stops  limit  its  motion,  and  a  device  (not  shown)  indicates 
on  the  outside  of  the  receiver  whether  the  pendulum  is  hanging  on  the 
planes  or  on  the  lever. 

The  temi)erature  of  the  swinging  pendulum  is  ascertained  by  means 
of  a  dummy,  similar  to  the  others  in  material  and  dimensions,  save 
that  it  has  no  mirrors,  and  is  supported  upon  two  hard-rubber  knife 
edges  parallel  to  the  plane  of  the  bob,  and  has  a  thermometer  fastened 
to  one  side  of  its  stem.  Tfte  bulb  of  the  thermometer,  bent  back  for 
the  purpose,  is  packed  with  alloy  filings  into  a  smiill  metallic  box,  and 
this  box  is  pressed  with  tinfoil  into  a  slot  cut  in  the  stem  of  the  dummy 
immediately  above  the  bob,  a  very  close  metallic  contact  between  the 
bulb  and  the  surrounding  metal  being  thus  attained.  The  dummy  is 
Busi>ended  near  the  pendulum  and  is  prevented  tirom  oscillating  by  the 
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nature  of  its  snpx>OTt,  and  by  a  fork  projecting  from  one  side  of  the 
receiver  and  holding  it  firmly  near  the  bob. 

Fl€i8h  apparatus. — A  light  metal  box  is  mounted  on  a  stand  having 
both  vertical  and  azimuthal  movements  and  clamps,  and  carries  above 
it  an  ordinary  observing  telescope,  which  may  be  focused  for  objects  as 
near  as  four  feet  This  apparatus  is  shown  in  Nos.  23  and  24,  and  with 
one  side  of  the  box  remoA'cd  in  illustration  No.  26  (Fig.  4).  This  box 
contains  an  electro-magnet  {a),  whose  coils  are  connected  with  the 
chronometer  circuit  through  the  binding  posts  (/),  and  whose  armature 
carries  a  long  arm  (d),  projecting  through  an  opening  in  the  end  of  the 
box.  This  arm  moves  two  shutters,  t  and  v  (Figs.  G  and  7),  and  by  an 
ingenious  device  a  flash  of  light  is  emitted  from  the  box  when  the 
circuit  is  broken,  but  not  when  it  is  closed.  This  arrangement  is 
shown  in  Fig.  u,  a  vertical  section  of  the  front  of  the  box  and  shutters, 
showing  position  just  after  the  circuit  has  been  broken  and  the  arm  is 
rising,  and  in  Fig.  7  showing  ]>osition  when  circuit  ha«  close<l  and 
arm  is  descending.  The  front  of  the  box  has  an  opening  containing  a 
piece  of  finely  ground  glass  for  defusing  the  light.  Fn  front  of  this  are 
fastened  two  pieces  of  met-al  z,  leaving  a  narrow  horizontal  slit  between 
them.  Behind  the  ground  glass  move  the  two  shutters,  t  and  Vj  in 
suitable  guides,  and  having  horizontal  slits  in  them  of  the  same  size  as 
that  between  the  pieces  z.  The  arm  d  passes  through  the  upper  end  of 
these  two  shutters;  t  has  no  play  on  the  arm,  but  moves  directly  Avith 
it;  the  opening  in  v,  however,  is  somcAvhat  longer  than  the  thickness  of 
the  arm,  so  that  it  does  not  move  until  the  arm  is  near  the  middle  of  its 
stroke.  A  stop  prevents  the  slit  in  v  from  descending  below  that  in  z, 
and  a  friction  spring  holds  v  so  that  it  moves  only  with  the  arm.  When 
the  circuit  is  closed  the  arm  d  is  down  and  the  slit  t  is  below  the  line 
of  slits  V  and  z.  As  soon  as  the  circuit  is  broken  the  spring  h  causes 
the  arm  to  rise  and  the  slit  t  passes  the  line  of  the  slits  v  and  z,  emit- 
ting a  flash  (position  shown  in  Fig.  G).  Before  the  end  of  its  stroke 
the  arm  also  lifts  the  shutter  v  so  that  its  slit  is  no  longer  in  line  with 
z.  When  the  circuit  is  again  closed  the  arm  d  is  pulled  down,  but  the 
slit  in  t  is  opposite  that  in  z  when  v  just  commences  to  move  (position 
shown  in  Fig.  7),  so  that  the  three  slits  are  not  in  line  and  no  flash  is 
emitted.  It  is  thus  seen  that  the  three  slits  are  only  in  line  imme<li- 
ately  after  the  breaking  of  the  circuit,  and  only  one  flash  is  given  (mt 
each  second.  The  light  for  the  flash  is  furnished  by  a  small  oil  lamp 
attached  to  one  side  of  the  box,  the  light  from  which  is  concentrated 
by  a  lens  on  to  the  slit  after  being  reflected  by  a  mirror  in  the  interior 
of  the  box  set  at  an  angle  of  45o. 

The  apparatus  is  also  arranged  to  use  the  spark  of  a  Euhmkorff  coil 
instead  of  the  flash  from  the  slit.  The  chronometer  is  placed  in  the 
circuit  of  the  electro-magnet  as  before,  but  this  now  acts  as  a  relay,  a 
platinum  tip  on  the  end  of  the  arm  d  breaking  and  closing  the  primary 
circuit  of  a  Buhmkorff  coil  as  it  rises  and  falls,  connections  being 
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miMle  tbroaglL  the  binding  posts  t.  Platinum-tipped  screws  on  the 
posts  0  are  the  terminals  of  the  secondary  coil,  between  which  a  spark 
is  thrown  at  each  break  of  the  chronometer. 

Th6  entire  apparatus,  except  barometers  and  chronometers,  is  packed 
in  two  boxes,  one  38  by  19  by  16J  inches  in  size,  the  other  21 J  by  21  by 
17  inches,  weighing  together  about  360  pounds,  the  whole  being  quite 
convenient  for  transportation.  The  pendulums  and  dummy  are  packed 
in  a  small  box  .by  themselves,  lined  with  chamois  skin,  and  fitted  so  as 
to  relieve  them  of  any  strain.  The  thermometer  is  removed  from  the 
dummy  in  packing  so  as  to  avoid  any  danger  through  breakage  of  the 
thermometer  and  destruction  of  the  pendulums  by  amalgamation. 

USB  OF  THE  JLPPABATUS. 

One  of  the  principal  advantages  of  this  apparatus  is  the  ease  with 
which  it  may  be  used,  and  the  few  and  inexpensive  preparations  neces- 
sary for  its  installation.  The  latter  will  depend  in  some  degree  upon 
the  importance  of  the  station  to  be  occupied,  or  the  degree  of  accuracy 
intended  to  be  reached  in  the  results.  For  the  best  work,  a  well- 
founded  brick  or  stone  pier  upon  which  the  vibration  chamber  may  rest 
is  essential.  The  flash  apparatus,  which  is  distant  from  this  about  two 
metres,  may  be  placed  upon  any  convenient  support,  stability  not  being 
essential.  If  the  api)aratus  can  be  placed  in  a  room  of  nearly  constant 
temperature  the  results  will  be  more  uniform,  but  if  sufficient  time  is 
allowed  before  swinging  for  the  pendulum  to  come  to  the  temi>erature 
of  its  chamber,  as  rei)reseuted  by  the  thermometer  in  the  "dummy," 
this  is  not  essential.  The  correction  for  temperature  may  be  so  well 
known  that  results  obtained  at  temperatures  differing  widely  will  be  in 
close  accord  when  this  correction  is  applied.  The  work  may  be  done  in 
a  very  small  room,  a  ground  space  of  not  more  than  two  metres  square 
being  required.  The  room  should  be  somewhat  dark  in  order  that  the 
flash  may  be  easily  seen  in  the  field  of  the  telescope. 

In  the  Alaska  work  it  was  necessift'y  to  resort  to  the  most  primitive 
method  for  mounting  and  protecting  the  apparatus,  there  being  no 
facilities  for  a  more  perfect  installation  and  no  time  for  making  it. 

A  small  tent,  barely  large  enough  to  afford  room  tor  the  observer 
after  the  apparatus  was  mounted,  was  used  for  protection  against  wind 
and  rain,  the  latter  occurring  almost  daily.  The  pendulum  chamber 
was  usually  mounted  on  a  triangular  pyramidal  8ux)port  of  wood,  mad^ 
of  three  stout  legs  forming  the  edges  of  the  truncated  pymmid, 
securely  joined  together  by  pieces  of  planking  on  the  fiwjes  and  strong 
cross  brakes  within.  The  height  of  the  support  was  about  40  centi- 
metres, and  the  three  levelling  screws  of  the  chamber  rested  on  the 
ends  of  the  three  corner  posts.  Sometimes  this  support  was  placed 
ui)on  a  bare,  exposed  rock,  but  generally  it  rested  upon  the  ends  of 
three  pieces  of  heavy  scantling,  60  to  80  centimetres  long|  driven  into 


510  U.  S.  COAST  AND  GEODETIC  SURVEY. 

the  ground  so  that  the  ends  were  flush  with  the  surface.  lu  one  or 
two  instances,  especially  at  Sitka,  the  chamber  rested  directly  upon  the 
surface  of  exposed  rock,  the  wooden  support  not  being  used. 

This  support  was  thought  to  be  so  rigid  that  it  would  not  flex  or 
vibrate  when  the  pendulum  wsis  in  motion,  but  before  the  Alaskan 
series  was  completed  it  began  to  be  suspected,  and  it  wiis,  therefore, 
brought  to  San  Francisco,  where  a  series  of  comparisons  was  made 
and  a  correction  for  llexure  determined,  which  was  applied  in  all  cases 
where  the  wooden  stand  hail  been  used. 

The  use  of  this  stand  made  it  possible  to  establish  and  disestablish 
a  station  in  a  very  short  time.  On  several  occasions  a  single  day  was 
all  that  was  available,  and  even  in  so  short  a  time  it  is  believed  that  a 
fairly  correct  value  of  the  force  of  gravity  was  obtained.  At  Yakutat 
Bay  the  outfit  was  landed  in  the  forenoon,  with  some  difficulty,  through 
the  surf.  A  station  was  established,  two  swings  of  each  pendulum, 
six  in  all,  were  made,  the  instruments  packed,  tiiken  out  to  the  ship 
which  lay  at  anchor  some  distance  away  and  safely  put  on  board  ready 
for  leaving  in  the  evening. 

After  i>lacing  the  support,  or  selecting  the  rock  or  pier  when  either 
is  available,  the  chamber  is  lifted  out  of  its  packing  box  and  put  in 
X)osition.  It  is  then  leveled,  and  the  relation  between  the  agate  phines 
and  the  exterior  level  is  determined  by  means  of  the  small  x>endulum 
level  already  described.  The  '* dummy''  is  then  put  in  place  and  the 
first  i)endulum  to  be  swung  is  placed  in  the  chamber  on  the  "lifter," 
that  it  may  come  to  the  normal  temperature  as  soon  as  possible.  The 
thermometer  belonging  to  the  dummy  is  not  carried  with  it,  however, 
and  must  always  be  put  in  its  proper  place  before  the  dummy  is  put  in 
the  chamber. 

The  cap  is  placed  in  position  on  the  chamber,  the  surfaces  of  contact 
having  been  cleaned  and  a  very  little  tallow  rubbed  upon  them.  By 
moving  the  cap  from  side  to  side,  under  considerable  pressui^e  from  the 
hands,  a  good  joint  is  generally  i)roduced  without  difficulty.  The 
manometer,  which  is  packed  sepauately,  is  put  in  place  and  the  mercury 
poured  in  it.  The  air-pump  is  attached  and  the  pressure  in  the 
chamber  reduced  to  about  50  centimetres,  the  desired  reading  of  the 
manometer  being  ascertained  by  referring  the  barometer  reading  and 
the  temperatuie  within  the  chamber  to  a  table  prepared  for  this 
purpose. 

The  flash  apparatus  is  next  put  in  position.  This  may  have  been 
done  approximately  by  means  of  the  index  described  above,  but  after 
a  little  experience  this  will  be  discarded  and  the  telescope  will  be 
quickly  i)laced  by  reference  to  the  reflected  image  of  the  slit  from  the 
fixed  and  movable  mirrors  in  the  chamber.  When  tliis  adjustment  has 
been  completed,  the  chronometer,  i)laced  conveniently  so  that  its  face 
can  be  easily  seen,  is  connected  electrically  with  the  flash  magnet,  and 
if  the  images  of  the  illuminated  slit  are  sharx)  and  prox)erly  related  the 
apparatus  is  in  readiness  for  work. 
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In  beginniDg  an  observation  the  pendulum  is  lowered  into  its  place 
on  the  agate  planes,  is  carefully  drawn  aside  by  the  lever  arranged  for 
that  purpose,  and  allowed  to  rest  for  a  few  moments.  As  nearly  as 
I>ossible  in  coincidence  with  a  beat  of  the  chronometer  the  external 
arm  of  this  lever  is  quickly  pushed  back  to  its  place,  thus  setting  the 
pendulum  free  to  vibrate  through  the  desired  arc.  If  the  starting  is 
properly  made  there  will  be  plenty  of  time  for  the  observer  to  take  his 
place  at  the  telescope  before  the  first  coincidence  occurs.  As  soon  as 
this  is  observed  the  arc  of  vibration  is  read,  the  temperature  and 
barometric  pressure  noted,  and  the  height  of  the  mercury  in  the  two 
arms  of  the  manometer.  These  observations  can  usually  be  made  and 
recorded  before  the  time  arrives  for  the  second  coincidence,  the  interval 
being  about  four  minutes. 

It  is  customary  to  observe  the  first  four  and  the  last  three  of  a  set  of 
twelve  coincidences,  and  at  the  middle  of  the  whole  time  the  tempera- 
ture, barometric  pressure,  manometer,  and  arc,  may  be  observed  and 
recorded 

At  the  end  of  the  set  these  readings  are  again  made  and  the  pendu- 
lum may  be  reversed,  or,  if  time  permits,  another  set  in  its  same  posi- 
tion may  be  made.  In  all  cases  the  same  number  of  sets,  direct  and 
reverse,  should  be  made  with  each  of  the  three  pendulums. 

The  apparatus  appears  to  resist  the  effects  of  rough  handling  very 
successfully.  A  comjiarison  of  the  vibration  periods  of  the  pendulums, 
as  determined  in  Washington  in  March,  1891,  and  again  in  October  of 
the  same  year,  after  the  Alaska  campaign,  involving  a  journey  of 
nearly  16  000  miles,  proves  that  their  constancy  may  be  depended  upon. 

GRAVITY  EXPERIMENTS  IN  1891. 

A  visit  of  inspection  to  the  Pacific  Coast  and  Alaska  having  been 
planned  for  the  spring  and  summer  of  1891,  it  seemed  extremely  desira* 
bleto  take  advantage  of  it  for  the  purpose  of  testing  the  new  apparatus 
in  the  field,  and  especnally  as  it  would  be  possible  in  this  way  to  obtain 
fairly  accurate  measurements  of  the  force  of  gravity  at  high  latitudes 
in  a  somewhat  inaccessible  part  of  the  world.  The  finishing  of  the  first 
set  of  pendulums,  with  their  accompanying  apparatus,  was  somewhat 
hurried,  as  was  also  that  of  the  second  set,  which,  it  was  determined, 
should  be  carried  by  Mr.  Preston  to  the  Hawaiian  Islands,  where  he 
wiis  to  be  located  during  the  succeeding  year  for  the  purpose  of  making 
latitude  observations  in  co-operation  witU  the  observer  sent  by  the  Inter- 
national Geodetic  Association.  No  essential  feature  was  overlooked, 
however,  and  the  first  swinging  of  the  pendulums,  away  from  Washing- 
ton, occurred  in  April  at  San  Francisco,  the  station  occupied  being  the 
small  observatory  of  the  U.  S.  Coast  and  Geodetic  Survey  in  Lafayette 
Park,  in  that  city.  This  point  had  been  occupied  as  a  gravitation  station 
by  previous  survey  parties,  the  Elater  pendulums  having  been  swung 
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here  by  Mr.  Edwin  Smith,  and  the  Pcirce  pendulums  by  Mr.  Preston. 
It  therefore  furnished  a  check  on  the  invariability  of  the  pendulums. 
Much  valuable  assistance  was  rendered  at  San  Francisco  by  Assistant 
George  Davidson,  and  by  Subassistant  Fremont  Morse,  who  accompa- 
nied the  writer  to  Alaska,  sharing  with  him  the  labor  and  responsi- 
bility of  all  the  work  on  the  Paeific  Coast. 

After  the  work  at  San  Francisco  was  completed,  the  apparatus  was 
shipped  to  Port  Townsend,  where  it  was  taken  on  board  the  Coast 
Survey  steamer  Patterson,  LUmt,  Commander  H.  B.  Mansfield,  U.  S. 
Navy,  Assistant  U.  S.  Coast  and  Geodetic  Survey,  in  command,  and 
on  the  morning  of  April  23  the  party  sailed  for  Alaska. 

In  all  of  the  gravity  work  undertaken  during  the  journey  every  facility 
was  afforded  by  Capt.  Mansfield,  and  much  valuable  assistance  was 
received  from  tluB  oflicers  of  the  Patternon,  who  evinced  a  real  interest 
in  the  work  and  a  willingness  to  do  whatever  could  be  done  to  aid  in 
its  success.  Especial  mention  should  be  made  of  the  executive  officer, 
Lieut.  Dorn,  who  looked  after  the  camp  outfit  and  under  whose 
directions  the  pendulum  equipment  was  always  put  ashore  or  brought 
aboard  ship,  not  only  with  promptness  but,  what  waii  of  greater  im- 
portance, without  the  slightest  injury  to  the  apparatus  during  the 
entire  campaign.  Particularly  valuable  were  the  services  of  Ensign 
Poundstone,  who  made  such  time  observations  as  were  possible,  often 
under  the  most  unfavorable  and  disagreeable  conditions,  due  to  the 
almost  continuous  rains,  which  sometimes  prevented  the  seeing  of  a 
star  for  many  days  in  succession. 

The  gravity  work  done  in  Alaska  can  only  be  considered  as  secondary 
in  its  character.  It  was  subordinated  to  the  general  ins()ection  of  the 
coast  and  the  survey  of  the  same  in  which  the  Patterson  had  been 
engaged  for  several  years,  and  the  time  given  to  it  was  necessarily 
short.  In  no  case,  however,  are  there  lei^s  thap  six  independent 
swings,  each  of  the  three  penduhuns  having  been  swung  twice,  and  it 
is  believed  that  an  examination  of  the  results  will  show  that  they  have 
sufficient  value  to  justify  the  labor  bestowed  upon  their  production. 

After  leaving  Alaska,  the  first  station  occupied  w«as  in  Seattle.  This 
point  was  rciichcd  on  June  21,  and  on  the  evening  of  the  22d  the 
swinging  was  commenced.  The  pendulums  were  swung  in  a  room  in 
the  basement  of  the  higli  school  building,  for  which  x)ermission  was 
kindly  granted  by  Mr.  Barnard,  superintendent  of  the  public  schools 
of  Seattle.  The  swinging  was  continued  through  the  night  as  well  as 
the  day,  the  observations  after  midnight  being  undertaken  by  Mr. 
Morse.  Valuable  assistance  was  here  rendered  by  Assistant  Pratt, 
who  was  stationed  at  Seattle  at  that  time.  Time  signals  from  the 
Mare  Island  Navy- Yard  Observatory  were  furnished  through  the 
courtesy  of  Mr.  Overbeck,  nnuiager  of  the  Western  Union  Telegraph 
office.  The  attempt  was  made  to  secure  signals  from  the  Lick  Observa- 
tory, the  director,  Prof,    llolden,  having  kindly  offered  to  furnish 
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them,  but  this  was  prevented  by  a  difficulty  in  the  connection  between 
Mount  Hamilton  and  San  Francisco. 

The  Lick  Observatory,  on  Mount  Hamilton,  was  reached  on  the 
afternoon  of  July  2,  and  by  the  evening  of  that  day  the  apparatus 
was  ready  for  use.  Through  the  courtesy  of  the  director,  Prof.  Edward 
S.  Holden,  this  station  had  been  occupied  by  Mr.  Preston  with  the 
Peirce  pendulums  in  1887,  and  by  the  same  courtesy  it  was  occupied 
on  this  occasion.  An  admirable  room  for  swinging  was  provided  and 
every  required  facility  was  ofi'ered.  Special  observations  for  time  were 
made  by  Mr.  Barnard,  and  nothing  was  left  undone  by  the  director 
and  his  staff  that  could  in  any  way  tend  to  insure  the  success  of  the 
observations  or  the  comfort  of  the  observers. 

On  the  8th  of  July  the  pendulums  were  again  at  the  observatory  in 
San  Francisco,  and  a  series  of  swings  were  commenced,  extending 
through  several  days  and  including  a  comparison  of  swings  on  the 
wooden  stand  used  in  the  Alaska  work  with  those  upon  the  brick  pier 
of  the  observatory.  The  work  was  done  for  the  most  part  by  Mr. 
Morse. 

On  the  afternoon  of  the  16th  of  July  the  apparatus  was  placed  on 
board  the  Fish  Commission  steamer  Albatross^  which  carried  Dr.  C. 
H.Merriam,  of  the  Department  of  Agriculture,  and  the  writer  as  repre- 
sentatives of  the  United  States  in  the  Joint  Commission  agreed  ui)on 
by  the  United  States  and  Great  Britain  for  the  purpose  of  studying 
and  reporting  ui)on  the  condition  of  seal  life  upon  the  Pribilof  Islands. 
Advantage  was  taken  while  on  the  islands  of  a  single  day  in  which 
bad  weather  interrupted  other  work,  but  did  not  prevent  the  installa- 
tion of  the  x)endulum  apparatus  and  the  swinging  of  each  of  the  three 
pendulums  two  hours  each.  A  small  tent  was  used  as  a  shelter  and 
the  chamber  was  mounted  on  a  large  block  of  wood,  which  in  turn 
rested  directly  upon  the  surface  of  the  ground.  It  was  a  very  solid 
and  stiible  mounting.  The  conditions  at  this  station  in  other  respects 
were  not  favorable,  especially  as  regards  time.  The  dense  clouds  and 
fog  which  almost  constantly  hang  over  these  islands  made  time  observa- 
tions impossible,  but  in  this  matter  valuable  assistance  was  rendered 
by  the  executive  officer  of  the  Albatross^  Lieut.  Carlos  G.  Calkins, 
who  made  comparisons  of  the  pendulum  chronometer  with  the  shii)'s 
chronometers  during  the  passage  and  while  the  ship  was  lying  at  the 
Pribilof  Islands,  coming  ashore  with  a  "hack^  chronometer  for  this 
purpose  while  the  observaticms  were  in  progress. 

In  October  the  pendulums  reached  Washington  and  were  again 
vibrated  at  the  Smithsonian  Institution,  about  half  of  the  observations 
being  made  by  Mr.  B.  G.  Fischer.  The  results  agreed  in  an  extremely 
satisfactory  manner  with  those  obtained  before  the  journey  to  the  west. 

In  November  they  were  swung  in  Hoboken,  in  the  room  in  the  base- 
ment of  the  Stevens  Institute,  which,  through  the  courtesy  of  the 
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president,  Dr.  Henry  Morton,  has  been  at  the  service  of  the  Survey  for 
several  years  for  this  i)uri)osc.  The  work  was  greatly  facilitated  by 
the  kindness  and  co-operation  of  Prof.  Mayer  and  Dr.  Geyer,  in 
charge  of  the  departments  of  physics  and  electricity  in  the  institute. 

In  Iloboken,  as  well  as  in  all  of  the  work  in  Washington,  special 
time-signals  were  received  from  the  Naval  Observatory.  These  were 
sent  through  the  kindness  of  the  superintendent,  Oapt.  F.  V.  McKoir, 
and  to  insure  their  accuracy  sf^ecial  observations  were  made  by  Prof. 
Brown. 

Time, — Several  diflTerent  chronometers  were  used  in  the  series,  and 
their  rates  were  determined  by  various  methods,  varying  greaUy  in 
excellence.  The  chronometers  themselves  diflfered  much  in  quality.  It 
was  unfortunate  that  in  the  Alaska  work,  when  it  was  necessary  to 
rely  almost  entirely  on  the  constancy  of  rate  of  the  chronometer,  only 
an  inferior  instrument  was  available.  Negus  No.  1824,  an  excellent 
chronometer,  was  used  at  Washington  and  at  San  Francisco,  and  it 
was  intended  to  use  it  throughout  the  Alaska  work.  After  it  had 
reached  the  Patterson  it  was  found  to  have  suffered  a  serious  iiyury, 
resulting  doubtless  from  an  accident  which  occurred  just  after  the  San 
Francisco  swings  were  finished.  It  was  necessary,  therefore,  to  make 
use  of  a  mean  time  break-circuit.  No.  2490,  which  had,  fortunately, 
been  carried  along  to  provide  against  accident  to  the  better  instru- 
ment. Unfortunately  this  chronometer  was  unsteady  and  unreliable 
as  to  its  rate,  and  the  results  of  the  Alaska  tour  are  less  satisfactory 
than  they  would  have  been  had  it  not  been  for  this  accident. 

Unquestionably  the  element  of  time  is  by  far  the  weakest  in  these 
determinations,  even  under  the  most  favorable  conditions.  The  coinci- 
dence of  the  fixed  and  movable  flash  can  always  be  determined  within 
one  second.  An  error  of  one  sei'ond  in  the  time  of  ten  coincidence  in- 
tervals will  a£fect  the  period  of  the  pendulum  by  about  one  part  in  two 
millions.  It  will  thus  be  seen  that,  if  there  was  no  other  uncertainty, 
a  swing  for  a  single  hour  would  leave  nothing  to  be  desired.  Varia- 
tions due  to  the  effects  of  temperature  are  well  under  control,  and  the 
corrections  for  varying  density  of  the  air  in  the  chamber  may  be  made 
as  small  as  can  be  desired.  The  varying  rate  of  the  clock  or  chronom- 
eter is  the  one  thing  which  is  imperfectly  understood  and  controlled. 
The  pendulums  themselves  are  far  more  uniform  and  constant  in  their 
vibratory  i)eriods  than  the  balance  wheel  of  the  chronometer;  are  much 
better  time  pieces  in  fact  than  the  standards  with  which  they  are  com- 
pared. It  is  well  known  that  a  clock  may  have  a  tolerably  uniform 
daily  rate,  while  its  hourly  rate  may  be  quite  irregular.  Besides,  the 
daily  rate  may  be  checked  quite  accurately  by  means  of  astronomical 
observations.  It  is,  therefore,  essential  that  whenever  an  accurate 
result  is  desired  the  swings  should  be  continuous  thi'ough  the  twenty- 
four  hours. 

The  irregularities  of  rate  may,  to  some  extent,  be  estimated  by 
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frequent  intercompaiisous  of  several  ckronometers  or  clocks.  This  is 
greatly  facilitated  by  the  method  employed,  as  is  shown  in  another 
part  of  this  paper  in  connection  with  the  proper  use  of  the  invariable 
pendulum  as  a  time  standard.  Indeed  it  is  quite  possible  to  use  two  or 
three  chronometers  in  the  operation,  switching  one  after  the  other  into 
the  circuit  of  the  flash  apparatus,  observing  the  coincidences  due  to 
each,  and  thus  determining  the  period  of  the  pendulum  in  reference  to 
each  of  the  several  timepieces.  For  diiferential  gravity  work  it  is 
possible,  however,  to  avoid  the  use  of  timepieces  altogether,  and  it  is 
likely  that  this  will  eventually  be  done  whenever  practicable;  that  is, 
whenever  telegraphic  connection  between  two  stations  can  be  obtained. 
The  methods  to  be  adopted  will  be  given  in  some  detail  in  another  part 
of  this  paper.  A  brief  description  of  the  method  of  determining  rates 
at  the  various  stations  here  under  consideration  is  given  below: 

RATES  OF  CHRONOMBTEAS. 

Washington,  D.  C,  Mar  oh,  1891, — Chronometer  Negus  1824  (sidereal)  was  used  in 
the  pendulum  observationB,  and  its  rate  was  obtained  by  a  comparison  with  the  Naval 
Observatory  clock  at  noon  each  day^  telegraphic  signals  being  received  and  recorded 
on  chronograph.  The  corrections  to  the  noon  signals  as  derived  from  time  observa- 
tions made  each  evening  were  communicated  by  Capt.  F.  Y.  McNair,  Superintendent 
of  the  Naval  Observatory.  Nearly  aU  of  the  pendulum  observations  were  made 
between  the  noon  signals  of  March  17  and  18,  and  the  rate  for  this  interval  was  used. 

San  Francisco,  Cal.,  April,  1891, — Chronometer  Negus  1824  (sidereal)  was  used  in 
pendulum  observations.  Time  observations  were  made  at  the  Lafayette  Park 
Observatory  on  the  evenings  of  April  9,  10,  11,  and  14,  by  Fremont  Morse,  sub- 
assistant,  using  transit  No.  3  and  chronometer  3479  (sidereal).  Chronometers  1824 
and  3479  were  compared  through  mean  time  chronometer  5038  at  the  time  of  observa- 
tions each  evening,  and  also  several  times  each  day,  before,  after,  and  during  the 
pendulum  observations.  The  rate  for  each  swing  was  arrived  at  by  taking  a  mean 
between  the  rate  for  a  day  as  derived  from  the  evening  comparisons,  and  the 
rate  as  calculated  from  the  daily  comparisons,  usually  covering  an  interval  of  time 
including  two  or  three  swings. 

Fori  Simpson,  British  Columbia, — Chronometer  3490  (mean  time)  was  used  in 
pendulum  observations.  On  April  22,  1891,  at  Port  Townsend,  Wash.,  one  of 
the  ship's  chronometers,  H  (sidereal)  was  taken  ashore  and  compared  with  time  sig- 
nals from  the  Naval  Observatory,  Mare  Island,  Cal.  U  was  also  compared,  before 
and  after  taking  ashore,  with  the  three  mean  time  chronometers  C,  B,  and  G,  and 
thus  the  error  of  these  three  chronometers  on  Greenwich  mean  time  arrived  at.  At 
Port  Simpson,  on  April  29,  time  observations  were  made  by  II.  C.  Poundstone, 
Ensign,  U.  S.  Navy,  using  H  and  Meridian  Instrumelit  No.  7,  and  after  the  observa- 
tions U  was  compared  with  C,  B,  and  G,  and  their  errors  on  Greenwich  moan  time 
computed,  and  also  their  rates  from  the  22d  to  the  29th.  2490  was  compared  with 
C,  B,  and  G,  through  H,  before  and  after  the  pendulum  observations  on  the  29th, 
and  its  rate  calculated  from  the  rates  of  each  of  these,  and  the  mean  of  these  three 
values  adopted  as  the  rate  of  2490  at  Port  Simpson. 

Juneau,  AUuka, — Chronometer  2490  (mean  time)  was  used  in  pendulum  obser- 
vations. On  May  9  time  obser>'ations  were  made  by  Ensign  Poundstone  as  at 
Port  Simpson,  and  the  rates  of  C,  B,  and  G  from  April  29  to  May  9  computed.  No. 
2490  was  compared  with  C,  B,  and  G  through  U  on  May  11  and  12,  before  and  after 
the  pendulum  observations  each  day,  and  the  mean  of  the  values  derived  frt>m  the 
three  chronometers  adopted  as  the  rate  for  each  day. 
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Pyramid  Harbor,  Alaska. — Chronometer  2400  (mean  time)  wan  used  in  pendalnm 
observations.  Time  observiitions  were  made  on  May  17  and  18  by  Ensign  Pound- 
stone  at  Chilkat,  aboat  3  miles  from  Pyramid  Harbor,  using  Meridian  Instru- 
ment No.  7  and  chronometer  II  as  before.  On  May  16  the  chronometers  C,  B,  and  G 
were  oouHiderably  shaken  np  by  a  passage  across  the  bay  in  a  small  boat  during  a 
strong  wind.  The  rates  of  Q,  B,  and  G,  derived  from  comparison  with  U  at  the 
time  of  observalions  of  the  17th  and  18th,  are  therefore  not  used,  it  being  considered 
that  they  had  not  settled  to.uniform  conditions  of  running,  but  rates  are  computed 
for  the  interval  from  May  9  (time  observations  at  Juneau)  to  May  17.  The  rate  of 
2490  is  obtained  from  comparison  with  C,  B,  and  G,  made  through  II,  on  May  15  and 
19,  before  and  after  the  pendulum  observations.  The  rate  at  this  station  must  be 
considered  as  somewhat  doubtful. 

Yakuiat  Bay  and  Sitka. — Chronometer  2'190  (mean  time)  was  used  in  pendulum 
observations.  Time  observations  were  made  at  Sitka  by  P^nsign  Poundstone  on 
May  28  as  before.  Chronometer  II,  used  in  observing  time,  was  afterwards  coin- 
pared  with  C,  B,  and  G,  and  the  rates  of  C,  B,  and  G  deduced  from  May  18  (time 
observations  at  Chilkat)  to  May  28.  2490  was  compared  with  C,  B,  and  G  through 
11  before  and  after  each  day*s  pondulum  observations  at  YakutAt  Bay  (May  22)  and 
Sitka  (May  26,  27,  and  28),  and  a  rate  obtaiuod  for  2  490  based  on  the  rates  of  C,  B, 
and  G. 

Wrangcll  and  Burroughs  Bay. — Chronometer  2490  (mean  time)  was  used  in  pendu- 
lum observations.  The  preceding  rates  of  C,  B,  and  G  (based  on  time  observationa 
of  May  18  and  28)  were  used,  no  further  time  determinations  being  made;  2490  was 
compared  with  C,  B,  and  G  through  H,  before  and  after  each  day's  pendulum  obser- 
vations, at  Wrangell  on  June  1  and  2,  and  at  Burroughs  Bay  on  June  4  and  6,  and  a 
rate  obtained  for  2490  based  on  the  rates  of  C,  B,  and  G. 

Seattle^  Wash. — Chronometer  2490  (mean  time)  was  used  in  pendulum  observations. 
iVoou  signals  were  received  by  telegraph  on  June  22,  24,  25,  and  26,  from  the  Naval 
Observatory,  Mare  Island,  Cal.,  and  recorded  in  the  time  of  chronometer  387 
(sidereal).  The  corrections  to  the  time  signals  were  communicated  by  Charles  F. 
Pond,  Lieutenant,  U.  S.  Navy;  387  was  compared  with  2^190  each  day  before  and 
aft<.T  receiving  the  noon  signals,  and  also  before,  during,  and  after  the  pendulum 
observations.  The  rate  of  2490  was  calculated  between  each  two  noon  signals,  and 
also  from  the  comparisons  made  before  and  after  the  pendulum  observations,  and 
the  mean  of  the  two  rates  thus  obtained  adopted  for  each  swing  according  to  its 
e]ioch. 

Mount  llamiUon,  Cal. — Negus  1720  (sidereal)  was  used  in  pendulum  observations. 
The  errors  of  1720  were  carefully  determined  at  the  Lick  Observatory  by  comparison 
with  the  standard  cloekH  of  the  Observatory  at  frequent  intervals,  the  corrections  to 
these  clocks  being  determined  by  frequent  observations  during  the  entire  time  of  the 
swings.  The  rates  uf  1720  between  these  comparisons  were  then  calculated  and 
plotted  for  the  middle  times  of  the  intervals,  a  curve  drawn,  and  the  rate  for  each 
pendulum  swing  read  from  this  curve  according  to  the  middle  epoch  of  the  swing. 

San  Francisco,  Cal.,  July,  1S91. — Chronometer  3479  (sidereal)  was  used  in  pendulum 
observations.  Time  observations  were  made  by  Fremont  Morse,  subassistant,  at 
Lafayette  Park  Observatory,  on  July  7,  10,  11,  and  14,  using  transit  No.  3  and 
Kessel's  clock  No.  1449;  3479  was  compared  with  Kessel's  clock  on  the  chronograph 
at  the  time  of  observations  each  evening,  and  also  at  freiiuent  intervals  during  the 
pendulum  observations.  From  the  former  comparisons  a  rate  for  each  day  "was  de- 
duced, and  from  the  latter  a  rate  for  each  interval  between  comparisons.  A  mean 
of  thejie  rates  was  adopted  for  each  swing  according  to  its  epoch. 

St.  Paul  Island,  Bering  Sea. — Chronometer  2490  (mean  time)  was  used  in  pendulum 
observations.  The  errors  of  2490  were  derived  from  comparisons  with  the  ship's 
chronometers.    There  is  considerable  uncertainty  as  to  the  rat-e  at  this  station. 

Washington,  2>.  C,  October,  1S91, — Chronometer  Negus  1589  (sidereal)  was  used  in 
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pendulum  observations.  This  chronometer  was  compared  four  times  a  day  with  the 
£.  T.  clock  (sidereal)  at  the  U  S.  Naval  Observatory,  by  means  of  telegraphic  signals 
received  on  chronograph.  The  errors  of  the  Naval  Observatory  clock  were  com- 
municated by  S.  J.  Brown,  professor,  U.  S.  Navy,  as  derived  from  time  observations 
made  by  him.  The  rate  of  1589  was  calculated  for  each  interval  between  compari- 
sons, and  plotted,  and  the  rate  for  each  swing  taken  from  this  diagram. 

JSohoJcen,  N,  J. — Chronometer  Negns  1824  (sidereal)  was  used  in  pendulum  obser- 
vations. Telegraphic  time  signals  wore  received  from  the  Naval  Observatory  at 
Washington  three  times  a  day,  and  the  rate  for  each  swing  arrived  at  in  same  man- 
ner as  at  last  station.  The  errors  of  the  Naval  Observatory  clock  were  communicated 
by  Prof.  Brown  us  before,  based  on  his  own  time  observations,  and  on  comparisons 
with  other  standard  clocks. 

REDUCTIONS. 

The  periodic  time,  as  ascertiiincd  from  the  coincidence  period,  mnst 
be  corrected  for  arc,  temperature,  pressure,  and  rate,  and,  in  the  case 
of  some  of  the  Alaska  stations,  for  flexure  of  wooden  stand.  It  is 
reduced  to  that  of  an  infinitely  small  arc.  The  standard  temperature 
is  150  C,  and  the  temperature  coefficient  was  ascertained  by  swing- 
ing the  pendulums  under  conditions  differing  considerably  in  that 
respect,  and  the  result  checked  by  a  determination  of  the  coefficient  of 
expansion  of  the  metal.  The  standard  density  of  air  in  the  chamber 
was  that  of  50  centimetres  pressure  at  0^  C,  and  this  standard  was 
generally  closely  realized  in  each  experiment.  The  corrections  for 
rate  hare  already  been  referred  to.  A  detailed  explanation  of  the 
method  of  computing  and  applying  these  several  corrections  is  given 
by  Mr.  Putnam,  as  follows: 

EXPLANATION  OF  TABLK8,    AND  METHODS  OF  REDUCTION. 

Pogition, — D  (direct)  indicates  that  tho  pendulum  is  swung  with  the  face  marked 
with  date  towards  the  observer.    R  (reversed)  indicates  date  away  from  observer. 
Ohaerrer. — The  observers  are  designated  as  follows : 

M    =  T.  C.  Mendenhall. 
Mo  =  Fremont  Morse. 
P    =  E.  D.  Preston. 
8     =  Edwin  Smith. 
F    =  E.  G.  Fischer. 
Pm  =  G.  R.  Putnam. 

Ten  coincidence  intervals. — In  this  column  is  given  the  time  In  seconds  of  ten  coin- 
cidence intervals  for  each  swing.  The  method  of  observation  finally  adopted  was  to 
note  the  time  of  the  first,  second,  third,  fonrth,  tenth,  eleventh,  and  twelfth  coinci- 
dences, the  first,  third,  and  eleventh  being  ''down''  coincidences  (the  reflected 
image  from  the  pendulum  appearing  to  move  downward  across  the  field  of  the  tele- 
scope), and  the  second,  fourth,  tenth,  and  twelfth  ''up"  coincidences  (image  appar- 
ently moving  up).  The  time  of  ten  coincidence  intervals  is  then  obtained  by 
subtracting  the  first  from  the  eleventh,  and  the  second  from  the  twelfth,  and  taking 
the  mean  of  these  two  results.  At  Washington,  in  March,  1891,  however,  the 
twelfth  coincidence  was  not  observed,  and  the  time  is  obtained  by  subtracting  the 
first  from  the  eleventh  coincidence. 

Semi-arc, — ^The  initial  and  final  semi-arcs  of  oscillation  for  each  swing  are  given, 
as  read  in  millimetres  on  tho  scale  near  tho  point  of  the  pendnlom,  the  mean  of 
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readings  on  oach  side  of  tho  vertical  being  nsed.  (The  pendulam  at  reet  hangs  at 
or  near  the  zero  on  the  scale).  The  distance  from  this  scale  to  the  plane  on  which 
the  pendulnm  swings  is  297  millimetres.  Scale  readings,  therefore,  indicate  angles 
with  the  vertical  as  follows : 

o  /  " 

3-0  millimetres  =  0  84  44 

3*5  =0  40  31 

4-0  =0  46  18 

4-5  =0  52  05 

50  =0  57  52 

Before  the  observations  at  Hoboken  were  made,  a  small  telescope  was  mounted  on 
the  side  of  the  receiver,  so  that  the  arc  readings  could  be  made  with  greater 
accuracy. 

Temperature, — ^The  thermometer  (No.  6594)  on  the  dummy  was  read  at  the  begin- 
ning and  end  and  usually  in  tho  middle  of  each  swing.  Tlie  mean  of  these  readings, 
corrected  for  error  of  thermometer,  is  given.  The  corrections  to  thermometer  6594, 
as  determined  by  the  Office  of  Standard  Weights  and  Measures,  January,  1891,  are : 

At 


o 

o 

oc. 

+  010 

5 

+  010 

10 

000 

15 

-003 

20 

000 

25 

—  003 

30 

-004 

35 

-0'08 

Pressure. — Tho  barometer  and  manometer  were  read  at  the  beginning  and  end, 
and  usually  in  tho  middle  of  each  swing,  and  the  means  of  these  readings  are  given. 
To  the  difference  between  the  barometer  and  manometer  is  then  applied  the  correc- 
tion for  reducing  the  barometrical  column  to  the  freezing  point,  and  this  pressure 
is  then  divided  by  1  +  af,  where  t  is  the  mean  temperature  in  degrees  centigrade, 
and  a  is  *00367,  the  coefficient  of  expansion  of  air  for  one  degree  centigrade.    The 

Pr 
result  ?  ,  ^  is  the  corresponding  pressure  at  a  uniform  temperature,  (P  C. 

Uncorrected  period, — When  a  sidereal  chronometer  is  used,  these  pendulums  make 
one  loss  oscillation  than  twice  the  numl>er  of  seconds  between  two  coincidences ; 

therefore,  P  =  o.  _  j.    where  P  is  the  period  in  seconds,  s  is  the  number  of  seconds 
between  first  and  lost  coincidences,  and  n  is  the  number  of  coincidences  minus  one, 

or  the  number  of  coincidence  intervals.    When  n  is  ten,  P  =  -5  +  taTjzo'    When  a 
mean  time  chronometer  is  used   the  pendulums  gain  on  the'  chronometer,  and  / 

P=  oT^TZ"  and  where  n  is  ten,  P  =  '5  — -  ^^  .  2     Mean  time  periods  are  reduced  to 

sidereal  time  by  multiplying  by  1*00273791,  or  more  simply  by  adding  differences 
which  are  first  tabulated  for  various  values  of  P. 

Arc  correction. — This  correction,  to  reduce  the  time  of  oscillatiou  to  what  it  woald 
be  were  the  pendulum  swinging  in  an  infinitely  small  arc,  was  computed  by  means 
of  Borda's  formula — 

_  Mn  sin  (y  +  q>')  sin  (<p—  <p^ 
'"^  32      logsin  ^— -logsin"^ 

where  M  is  the  modulus  of  tho  common  logarithmic  system,  n  is  the  number  of  oscil- 
lations actually  made,  <p  is  the  initial  somi-arc,  g)'  is  the  final  semi-arc,  and  h  ia  the 
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quantity  to  be  added  to  n  oscillations  in  order  to  obtain  the  number  tliat  would 
Lave  1>een  made  in  the  same  interval  had  the  arc  been  infinitely  small. 

Transforming  this  expression  into  a  correction  to  the  period  it  becomes,  with  a 
suflicieut  degree  of  accuracy  where  the  arc  is  small — 


A  = 


P  M  sin  (g)  -f  ^)  sin  (qt  —  y^) 
32      log  sin  q>  — -  log  sin  gt* 


where  P  is  the  period  of  the  pendulum  in  seconds,  and  A  is  the  amount  to  be  sub- 
tracted from  period  to  reduce  to  infinitely  small  arc. 

Temperature  oarrection. — Each  period  is  corrected  for  the  difference  between  the 
mean  temperatnro  of  the  swing  and  15^  C,  adopted  as  a  standard.  The  tempera- 
ture and  pressure  cocfficionts  of  the  pendulums  were  determined  by  swinging  them 
at  widely  different  temperatures  and  pressures  at  the  Coast  and  Geodetic  Survey 
Office  before  they  were  used  at  any  of  the  gravity  stations.  These  observations  are 
tabulated  below : 


Observations  for  determination  of  temperature  and  pressure  coefficients  of 
Aiy  A2j  Azy  at  Coast  and  Oeodetw  Survey  Office^  "Washington, 

[Observers:  E.  D.  Preston,  G.  R.  Putnam,    All  swings  made  with  pendulums  in  position  *'  direct/'  and 

at  uniform  initial  arc  of  oscillation.] 


Pen- 
dulum. 

No. 
swing. 

Date 

(1891). 

Ten  co- 
incidence 
intervals. 

Mean 
temper- 
ature. 

Mean 
pressure. 

Pr 

I+O/. 

Period  un- 
corrected. 

Correc- 
tion for 
rate. 

Period 
corrected 
for  rate. 

A3 

Mar.  9 

36890 

8"o5 

7580 

736*3 

-5006786 

+    35 

'5oo68ai 

9 

36990 

790 

7566 

735*3 

6768 

+    35 

680B 

9 

3803-0 

7-80 

498*4 

4845 

6582 

+    35 

6617 

9 

38040 

7*95 

500*1 

485*9 

6581 

4-    35 

6616 

A, 

9 

3  3oao 

938 

503*0 

4863 

7583 

4-    35 

•5007618 

R 

9 

33075 

9*a5 

5006 

484a 

7570 

+    35 

7605 

7 

9 

3  224"5 

9' 18 

759*8 

735*0 

7765 

-f    35 

7800 

8 

9 

3  «3»*5 

8*70 

761*4 

737*9 

7748 

+    35 

7783 

A, 

9 

10 

a  83a-5 

6-50 

769-8 

7S»*3 

8848 

+    38 

-5008880 

10 

10 

«  833*0 

6-55 

769*5 

75«*5 

8840 

4-   38 

8878 

rt 

10 

a  8931 

660 

506-4 

4944 

8656 

4-   38 

8694 

la 

TO 

8891-5 

6-70 

5»0  9 

498*6 

8661 

4-   38 

8699 

A, 

»3 

10 

a  736*0 

ao-90 

509-6 

473*4 

9«54 

4-   38 

•5009198 

M 

10 

a  7a8-o 

21-65 

5'3*3 

475*4 

9181 

4-   38 

9319 

«5 

10 

8671-5 

92*55 

770'4 

711-6 

9375 

4-   38 

9413 

16 

10 

a  666-5 

a3'oa 

770-5 

710*5 

9393 

4-    38 

943« 

Aj 

»7 

II 

a  9590 

a6-6o 

771*5 

702-9 

8463 

4-    38 

-5008501 

18 

II 

a  9530 

87-00 

771-a 

701-7 

8480 

-1-     38 

8518 

19 

II 

3  010-5 

8758 

505-1 

4588 

8318 

4-   38 

8356 

20 

II 

3oo6'o 

97*98 

508-8 

461-5 

8330 

•f   38 

8368 

A3 

ai 

II 

3300-5 

a8-7o 

7696 

6963 

7586 

4-   38 

•5007684 

aa 

11 

3  391*0 

89*10 

769-1 

694-9 

7608 

■\-   38 

7646 

a3 

II 

3  339*5 

30*90 

506- a 

454*6 

749« 

+   38 

7536 

24 

" 

3  3365 

3i'»5 

507  "7 

4556 

7504 

4-   38 

754a 

From  the  above  observations  were  deduced  the  following  results,  by  comparing 
swings  made  at  similar  pressures,  and  correcting  for  slight  differences  in  pressure: 
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Temperature  coefficient  (or  increase  of  period  for  1^  C.  increase  of  temperaiur§). 


Ai 

A, 

A. 

From  observations  at  low  pressures. 
From  observations  at  high  pressure. 

Mean. 

'000003S9 
351 

t. 
'00000417 

4»7 

t. 
'00000408 
408 

0000035s 

'00000408 

The  observatious  with  Ai  having  been  made  under  nufavorable  circnmstAucefl^  the 
result  for  this  peiidulam  is  not  used,  and  the  moan  of  the  vahies  for  Ai  and  A^,  or 
0*00000412  second  per  degree,  i8  adopted  lor  all  three  pendulnms.  This  agrees  well 
with  0-00000414,  the  coefilcient  as  calculated  from  the  coefficient  of  expansion  of  the 
pendulum  allo.v,  determined  by  the  OlDce  of  Standard  Weighta  and  Measures,  and 
with  0'00000415,  the  mean  coeiUcient  derived  for  the  second  (B)  set  of  these  pendu- 
lums, made  of  the  Rame  alloy. 

The  correction  to  the  period  is — 

B  =  0*00000412  (15^  —  t'^),  where  t°  is  observed  temperature  in  degrees  centigrade. 

Pressure  correction. — An  atmospheric  density  represented  by  air  at  a  temperature 
of  0^  C.  and  under  a  pressure  of  500  millimetres  of  mercury  is  taken  as  astandard, 
and  periods  are  corrected  for  the  difference  between  the  conditions  under  which  ob- 
servations were  made  and  this  standard.  The  receiver  was  alwayH  exhausted  to  a 
point  where  the  density  therein  nearly  approached  the  standard,  so  that  this  correc- 
tion is  usually  quite  small.    The  correction  t-akes  the  form  of 


='[ 


Pr 


1  +  'OOdGlt 


-500 


] 


where  C  is  the  correction  to  period  in  seconds  (to  be  subtracted  if  observed  denaSty 
is  above  the  standard,  or  added  if  density  is  below  standard),  K  is  the  pressure  co- 
efficient, or  variation  in  period  for  variation  of  1  millimetre  in  pn'ssure  (atO^  C.)i 
Pr  is  the  observed  pressure  in  millimetres  of  mercury,  and  t  is  the  mean  tempera- 
ture of  swing  in  degrees  centigrade.  Values  of  K  were  determined  at  the  same  time 
as  the  temperature  coef^cieuts,  by  the  observations  already  given,  from  which  are 
deduced  the  following  results: 

Pressure  coefficient  (or  increase  of  period  for  increase  of  pressure  of  1  millimetre  at  (P  C). 


•  • 

A, 

A, 

A. 

From  observations  at  low  temperatures. 
From  obscn'ations  at  high  temperatures., 

Mean. 

«. 

X. 

•      *. 

000000073 
69 

000000070 
78 

000000077 
7« 

'000000071 

'000000078 

^ 

'000000070 

I 


The  moau  of  these  values,  or  K  =  •000(K)0075  second,  was  used  in  the  reductions. 
Bate  eorrevtion. — The  periods  are  rodnood  to  sidereal  time  by  correcting  for  th« 
rate  of  the  clironometer.    This  may  be  ap]>lied  conveniently  by  the  formulai 

D=  000001157  RP, 

where  D  is  correction  to  period  (to  be  subtracted  if  timepiece  is  gaiuing,  added  if 
losing),  R  is  rate  of  chronometer  in  seconds  per  sidereal  day,  and  P  is  the  period  of 
the  pendulum. 
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Tables, — The  rediictioDS  were  niuch  facilitated  and  greater  accaracy  obtained  by 
the  use  of  tables  prepared  for  the  purpose,  as  follows : 

1' 
1. — Periods^  valnes  of  P  for  vorioos  values  of  «  in  the  formnla  P  =  "5  -|-  .       » 

2. — ^Periods  when  mean  time  chronometer  was  used,  formnla  P  =  "5  —  .4,  i  o 

3. — ^Table  of  differences  to  be  added  to  mean  time  periods  to  reduce  to  sidereal 

time. 
4. — Arc  correction  for  various  values  of  qt  and  q>'  (initial  and  final  semi-arc). 

Pr 


5. — ^Values  of 


for  various  values  of  Pr  and  t. 


1-f  at 

Correction  for  flexure  of  wooden  stand, — ^A  strongly  braced  wooden  stand  was  used 
as  a  support  for  the  receiver  in  which  the  pendulums  were  swung,  at  the  following 
stations :  Port  Simpson,  Juneau,  Pyramid  Harbor,  Yakutat  Bay,  Wrangell,  and  for 
a  part  of  the  observations  at  Burroughs  Bay  and  San  Francisco.  To  determine  the 
effect  of  any  flexure  of  this  wooden  stand  an  extended  series  of  observations  was 
made  at  San  Francisco  in  July,  the  receiver  being  part  of  the  time  on  a  solid  (brick) 
pier,  and  part  of  the  time  on  the  woodon  stand.  The  moans  of  the  corrected  periods 
on  each  snpport  were  as  follows : 


Pendulum. 

A, 

A, 

A, 

On  pier 

On  wooden  stand 

Difference,  stand— pier 

•5009151 
•5009227 

'500S041 
•5008104 

X. 

•5007071 

+  •00000^ 

-f- 0000063 

-^'0000064 

Mean  for  three  pendulums  -f-  '0000068. 

From  fchis  it  seems  evident  that  the  period  of  the  pendulums  is  lengthened  aboat 
'0000068  second  by  the  flexure  of  the  wooden  stand,  and  consequently  a  correction 
of  —  '0000068  second  is  made  to  the  mean  periods  at  all  stations  where  the  stand  was 
used.  The  observations  at  Burroughs  Bay  on  a  rock  snpftort  as  well  as  the  wooden 
stand  were  not  numerous  enough,  nor  made  under  sufficiently  favorable  conditions 
as  regards  temperature,  etc.^  to  give  any  satisfactory  results  as  to  the  effect  of  tho 
stand. 

RESULTS. 

Notwithstanding  the  fact  that  the  observations  were  differential  only, 
it  is  thought  to  be  more  nsefiil  and  convenient  to  expre^ss  the  force  of 
gravity  at  the  several  stations  in  dynes  i)er  gramme  (numerically  equal 
to  the  acceleraticm  due  to  gravity),  the  value  at  the  "base  station,^ 
which  is  at  the  Smithsonian  Institution  in  Washington,  being  assumed 
to  be  98040  dynes.  This  is  the  best  approximation  now  available  and 
is  based  on  three  independent  comparisons  of  this  station  with  that  at 
Hoboken  and  one  unsatisfactory  absolute  determination.  The  absolute 
value  at  Hoboken  is  that  given  by  0.  S.  Peirce  in  a  note  in  the  Ameri- 
can Journal  of  Science,  volume  20,  page  327,  and  is  derived  from 
observations  made  with  the  Repsold  reversible  x>endulum.  An  earlier 
determination  of  absolute  gravity  near  this  station  was  made  by 
Sabine,  but  it  is  not  made  use  of  in  thi^  discussion. 


k 


522  U.  S.  COAST  AST)   GEODETIC  SURVEY. 

The  value  obtiiined  by  Peirce  at  Holwken  is 

g  =  980-2541 

Modifying  this  value  by  adopting  a  later  and  more  correct  determi- 
nation of  the  length  of  the  metre  used  by  Peirce  [see  pp.  172,  173, 
Bulletin  No.  17,  U.  S.  Coast  and  Geodetic  Survey],  it  becomes^ 

g  =  980-2449 

Based  upon  this  the  values  at  Washington  are  as  follows: 

(1)  By  the  new  pendulums  in  1891,  mean  of  three, 

^  =  980-0895 

(2)  Value  obtained  by  C.  S.  Peirce  l^y  comparative  swings  of  the 
Peirce  pendulums, 

g  =  980-1017 

(3)  From  Col.  Herschel's  swings  of  the  Kater  pendulums  in  Hoboken 
and  Washington  in  1881,  mean  of  three, 

g  =  980-1121 

(4)  From  absolute  determinations  at  Washington  in  1889-'90,  liy  Mr. 
E.  D.  Preston,  using  the  Peirce  pendulums,  but  with  an  unsatisfactory 
determination  of  the  distance  between  the  knife  edges, 

y  =  98005 

The  reduction  of  the  results  and  their  preparation  in  tabulated  form 
was  executed  by  Mr.  Putnam.  Preliminary  or  field  reductions  of  all 
of  the  work  done  on  the  Pacific  Coa^t  and  in  Alaska  were  made  by  Mr. 
Fremont  Morse,  and  these  were  chocked  by  Mr.  Putnam.  To  show  the 
nature  of  the  orighial  Vecord,  that  for  a  single  day  is  given  in  table  A, 
but  it  is  not  thought  desirable  to  furnish  all  of  the  observations  in  this 
det^iil.  They  are  therefore  condensed  so  as  to  show  the  conditions  for 
each  separate  swing,  which  is  believed  to  be  quit<3  sufficient  for  any 
examination  to  which  it  may  be  desired  to  subject  them.  Table  B 
exhibits  these  re«ult«  for  all  the  stations,  in  chronological  order, 
giving  in  each  case  the  corrections  and  the  final  reduoxid  value  of  the 
periodic  time*.  In  table  C  these  are  collected  and  the  periods  at  all  the 
stati(ms  for  each  of  the  three  i)cudulums  shown,  together  with  tlie 
flexure  corrections  for  the  Alaska  stations. 

Table  D  shows  the  value  of  the  force  of  gravity  at  all  of  the  stations 
for  each  of  the  three  pendulums;  and  in  E  the  mean  values  are  shown, 
the  stations  being  sei)arated  into  two  groups,  the  first  including  those 
at  which  the  conditions  were  sufiicientlyfavorableto  justify  their  being 
ranked  as  first-class  stations  as  compared  with  the  others.  The  values 
"ly"  are  also  shown  as  reduced  to  sea  level. 

As  a  matter  of  considerable  int(»rest  these  values  have  been  com- 
pared with  those  derived  from  Helmert's  foimula,  which  is  essentially 
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the  same  as  that  recently  published  by  Harkness.  These  comparisons, 
with  the  excess  or  deficiency  of  gravity  at  each  station  as  comx)ared 
with  that  given  by  the  formula,  are  shown  in  table  F. 

At  every  station  the  pendulums  were  swung  in  direct  and  reverse 
X>ositions,  the  number  of  swings  in  the  two  positions  being  as  far  as 
possible  the  same.  It  has  often  been  found,  when  seconds  pendulums 
have  been  used,  that  there  was  a  sensible  difference  in  the  vibration 
periods  in  the  two  positions.  That  no  such  difference  exists  with  these 
pendulums  is  conclusively  shown  by  table  G,  in  which  all  the  periodic 
times  of  each  pendulum  have  been  coUcct^l  and  the  average  obtained. 
It  will  be  seen  that  at^he  first-class  stations  the  average  direct  and 
reverse  periods  differ  only  1  part  in  5,000,000  in  the  case  of  pendulums 
A  and  A2,  and  by  3  i)arts  in  5,000,000  in  the  case  of  A3.  Tliis  is 
equivalent  to  an  absolute  agreement. 

ON  THE  USE  OP  A  FREE  PENDULUM  AS  A  TIME  STANDARD.* 

The  use  of  the  new  half-second  pendulums  has  suggested  the  possi- 
bility of  employing  a  pendulum  with  the  improved  methods  for  ascer- 
taining its  period  in  terms  of  a  clock  or  chronometer  sceond,  as  a 
standard  of  time  which  in  constancy  and  ease  of  application  might  go 
beyond  anything  now  readily  attainable. 

The  natural  though  not  necessarily  invariable  unit  of  time  is  the 
sidereal  day,  and  while  it  is  sufliciently  constant  to  satisfy  all  require- 
ments it  is  inconveniently  long  for  nearly  all  oi)erations  other  than 
astronomical,  in  which  great  precision  in  time  measurement  is  required. 
Its  subdivision  is,  therefore,  rendered  necessary,  and  this  is  accompa- 
nied by  rather  more  uncertainty  than  usually  belongs  to  the  subdi- 
vision of  a  standard.  Even  the  daily  rate  of  our  best  clocks  and 
chronometers  is  by  no  means  constant,  and  it  is  safe  to  say  that  in 
most  cases  little  if  anything  is  known  regarding  their  hourly  variation 
from  the  mean  for  the  day.  That  such  variations,  due  to  fluctuations 
in  temperature,  pressure,  and  other  less  known  causes,  exist  is  well 
known  to  all.  In  the  physical,  physiological,  or  other  laboratory,  in 
which  it  is  desired  to  determine  intervals  of  time  with  a  high  degree  of 
accuracy,  it  is  common  to  depend  upon  the  daily  rate  of  chronometer 
or  clock,  which  rate  is  itself  determined  by  means  of  clock  signals 
from  an  established  astronomical  observatory,  or  directly  by  the  use  of 
a  transit  instrument.  In  the  former,  rates  are  carried  during  ba<l 
weather,  and  often  for  many  days,  by  one  or  more  clocks,  and  with 
greater  or  less  accuracy,  but  the  signals  as  received  are  subjeet  to  un- 
certainty and  error  arising  out  of  t(*Jegraph  transmission.  In  the 
latter,  a  few  nights  in  succession  of  cloudy  weather  prevent  the  ob- 

*  This  article  waa  read  at  the  meetiog  of  the  Nutioual  Acadeuiy  of  Sciences  iu  New 
York;  November  11,  1891,  essentially  as  it  stands  here.  Although  repeating  in  some 
degree  what  has  gone  before,  it  explains  iu  greater  detail  the  use  of  the  iiash  appa- 
ratus in  addition  to  the  discussion  of  the  subject  proper. 
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server  from  getting  a  rsite  for  bis  timepiece  just  when  lie  most  needs 
it.  In  both  eases  the  daily  rate  is  usually  all  that  is  known,  although 
this  may  differ  widely  from  that  existing  when  the  particular  experi- 
ment was  made  for  which  the  time  is  to  be  Ht4iudardixed.  It  is  believed 
that  a  free  pendulum,  vibrating  under  constiint  conditions,  furnishes  a 
much  more  relisible  standard  for  short  intervals  than  any  clock  or 
chronometer,  and  that  this  standard  may  be  easily  utilized  by  methods 
about  to  be  described. 

The  pendulum  is  for  cxnivenience  a  half  second  pendulum,  and  is, 
therefore,  about  a  quarter  of  a  metre  hmg.  Its  mass  is  only  a  trifle 
greater  than  a  kilograjn,  and  the  most  of  this  is  concentrated  in  the 
bob.  The  knife  edge,  rigidly  attached  to  the  pendulum,  is  of  agate, 
and  it  swings  upon  agate  planes.  These  should  be  rigidly  supported, 
and  may  well  be  secured  to  a  part  of  the  casting  which  furnishes  at 
once  the  supi>ort  for  the  pendulum  and  the  chamber  in  which  it  swings. 
Jt  should  be  furnished  with  a  starting  and  stopping  apparatus  and  an 
arc  for  measuring  the  amplitude  of  its  vibrations.  If  it  is  to  be  used 
only  for  comparing  chronometers  and  clo<»ks,  no  arrangements  for 
securing  cx)nstant  pressure  and  uniform  t<?mperatnre  are  necessary.  If 
it  is  to  be  a  time  standard,  both  should  be  provided.  The  first  is  easy 
and  the  second  can  generally  be  rciichcd  <|uite  closely.  Some  method 
of  knowing  the  temperature  of  the  pendulum  should  be  provided. 
When  used  under  conditions  of  nearly  constant  temperature  a  "  dummy  " 
pendulum,  in  the  same  inch)sure,  with  a  therniomet4.»r  jiroperly  em- 
bedded in  its  stem,  will  be  sutlicient.  Its  amplitude  should  not  be 
greater  than  two  degrees  at  first,  and  when  the  knife  edge  is  proi>erly 
prepared  it  will  swing  for  a  couple  of  hours  without  this  being  incon- 
veniently reduced. 

The  i>eriod  of  the  pendulum  maybe  asc^rt4vinc<l  by  means  of  a  modi- 
fied coincidence  mi»thod,  the  elements  of  w)iich  were  first  ai>plied  by 
Herr  Von  Sternek  in  his  use  of  short  pendulums  in  gravity  determi- 
naticms. 

A  small  mirror  is  placed  in  a  vertical  plane  on  the  pendulum  head, 
its  center  being  as  near  as  may  be  in  a  horizontsil  plane  passing  through 
the  knife  edge.  A  similar  mirror  is  placed  parallel  to  this,  and  as  near 
to  it  as  x>ossible  without  interfering  with  the  motion  of  the  i)endulum; 
but  it  is  rigidly  attached  to  the  su])i)ort  upon  which  the  i>endulum 
swings.  What  is  called  the  "  flash  apparatus  "  is  placed  a  metre  or  two 
metres  in  front  of  these  mirrors  and  in  a  line  normal  to  them.  In  this 
an  electric  spark  may  be  used,  or  the  light  of  a  lamp  or  candle^  What 
is  desired  is  that  a  flash  of  light  should  be  produced  every  second,  as 
determined  by  a  bresik-circuit  chronometer  or  clock.  For  use  with  a 
lamp  Mr.  E.  (x.  Fischer  has  contrived  an  ingenious  shutter,  operated 
by  an  electromagnet,  by  means  of  which  an  illuminated  slit  isexiK>8ed 
for  an  instant  in  the  movement  ibUowing  the  break  only.  An  induc- 
tion coil,  whose  primary  circuit  is  broken  by  an  electromagnet  in  the 
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chronometer  circuit,  provides  the  electric  flash.  Just  over  the  i)oint 
where  this  flash  is  produced  is  placed  a  telescope. 

When  properly  adjusted  the  flash  is  reflected  from  both  mirrors,  and 
assuming  the  pendulum  to  be  at  rest,  two  lines  of  light  are  seen  as  one 
in  the  telescope,  or  better,  one  is  made  to  overlap  the  other  a  little. 
Now  suppose  the  pendulum  to  be  in  motion,  it  will  be  clear  that,  as  the 
flash  occurs  only  for  an  instant  each  second,  whether  it  will  be  seeu 
reflected  from  the  moving  mirror  will  depend  on  the  position  of  that 
mirror  at  the  instant  of  its  appearance.  If  it  should  happen  to  be  in 
the  plane  of  its  original  adjustment  when  the  flcash  occurs,  the  appear- 
ance in  the  telescope  will  be  precisely  the  same  as  when  the  pendulum 
is  at  rest.  If  the  period  of  the  pendulum  be  precisely  one-half  of  that 
of  the  clock  or  chronometer  it  wil]  return  to  this  position  in  just  one 
second  and  the  appearance  will  be  continually  repeated.  If,  however, 
the  pendulum  be  slightly  slow  or  fast  of  the  chronometer,  the  mirror 
will  not  be  precisely  in  this  position  at  the  end  of  one  second  and  the 
image  from  its  mirror  will  be  a  little  above  or  below  that  of  the  first 
mirrof .  In  another  second  the  distance  separating  them  will  be  still 
greater  and  this  will  go  on  until  the  moving  image  is  no  longer  seen  in 
the  field  of  the  telescope.  After  a  time,  however  (this  iMjriod  is  con- 
veniently about  five  minutes),  the  pendulum  will  have  gained  or  lost 
one  oscillation  on  the  beat  of  the  chronometer,  and  a  few  seconds  before 
the  necessary  period  for  this  has  elapsed,  the  image  re-appciirs  in  the 
field  and  approaches  coincidence,  to  again  recede  on  the  other  side. 

It  is  only  necessary  to  observe  the  instant  of  this  coincidence  of  the 
two  images.  Under  the  conditions  mentioned  above  it  is  not  necessary 
to  observe  this  closer  than  the  nearest  second  and  only  an  inexcusably 
careless  observer  would  ever  be  a  second  in  error.  After  having  ascer- 
tained the  "coincidence  interval"  and  observed  the  first  coincidence, 
the  happening  of  any  one  in  the  future  can  be  quite  closely  predicted.  It 
is  desirable  to  allow  the  pendulum  to  swing  through  a  period  equal  to  ten 
coincidence  intervals,  and  although  only  the  first  and  last  observations 
may  be  used  it  is  well  to  observe  two  or  three  at  the  beginning  and  end 
of  the  period  as  a  check.  An  idea  of  the  accuracy  of  the  method  may 
be  formed  by  assuming  that  an  error  of  one  second  is  made  in  observing 
the  coincidence  either  at  the  beginning  or  end  of  the  swing.  It  will  be 
seen  that  the  error  of  the  result  will  be  less  than  1  part  in  2  500  000. 
As  a  sample  of  the  uniformity  of  results  which  is  sometimes  attained 
under  favorable  conditions,  the  periods  of  a  pendulum  known  as  A3  as 
obtained  from  a  Negus  break-circuit  sidereal  chronometer  in  three 
separate  sets  of  vibrations  extending  through  about  an  hour  each, 
made  on  the  afternoon  of  October  23,  are  here  given: 

First,  '5006279 

Second,  '5006281 

Third,  -5006280 
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If  sncli  a  pendulum  be  properly  cared  for  there  Siippears  to  be  no 
reaAon  why,  under  the  sauie  conditions,  its  oscillation  period  may  not 
remain  sensibly  constant  for  an  indefinite  i)eriod.  As  an  example  of 
constancy  during  a  short  period,  a  little  over  half  a  year,  but  under 
unfavorable  conditions,  tlie  following  results  show  the  oscillatiou 
period  of  three  pendulums  as  measured  in  March  last  and  in  October. 
In  both  cases  time  is  referred  to  the  standard  sidereal  clock  of  the  U. 
S.  Naval  Observatory.  Between  the  first  determination  and  the  last, 
the  pendulums  traveled  about  15,000  miles,  were  several  times  landed 
from  a  vessel  in  the  surf  and  with  difliculty,  and  were  exposed  to  great 
changes  of  temperature  and  conditions  of  weather.  The  remarkable 
agreement  in  the  case  of  all  justifies  the  assumption  that  a  sufficient 
degree  of  permanency  is  attainable. 


Date. 

Mean  periods,  WashingtoxL 

A» 

A, 

A, 

March,  189 1, 
Octobtir,  1 89 1, 

•5008779 
•5008759 

•5007667 
•5007668 

•5006702 
•5006696 

When  one  of  these  pendulums  is  compared  by  means  of  the  flash 
apparatus  above  described  ^vith  a  good  break-circuit  chronometer,  it 
is  found  to  furnish  a  most  delicate  test  of  the  equality  of  the  seconds 
determined  by  the  toothed  wheel  which  breaks  the  circuit. 

Any  ine<iuality  in  the  spacing  of  the  teeth  or  irregularity  in  the 
movement  of  the  wheel,  of  the  existence  of  which  the  ordinary  chix)no- 
graph  record  would  show  no  evidence,  is  clearly  and  unmistakably 
shown,  and  if,  on  account  of  bad  workmanship,  such  inequalities  are 
considerable,  the  result,  as  viewed  in  the  telescope,  is  ludicrous, 
although  a  chronograph  sheet  from  such  a  chronometer  might  pre^nt 
a  very  good  appearance.  It  will  be  readily  understood  that  when  the 
breaks  are  se]>arated  by  uniform  periods,  the  moving  fla^h  will  advance 
regularly  and  steadily,  movements  corresponding  to  one-thousandth  of 
a  second  in  time  being  easily  perceived.  When  the  breaks  are  in*egu- 
lar,  however,  the  fiash  moves  irregularly  at  times,  standing  still  for  a 
second  or  two,  and  often  actually  receding.  The  ap]>aratus  may  be 
used,  theretore,  as  a  test  of  the  regularity  of  breaks  with  chronometers 
or  clocks. 

It  is  often  desirable  to  compare  one  chronometer  with  another  or 
with  a  clock,  and  to  obtain  a  relative  rate.  As  this  rate  is  variable,  it 
is  necessary  to  determine  it  by  reference  to  as  short  an  interval  of  time 
as  i)ossible.  The  ordinary  chronograph  record  does  not  give  satisfac- 
tory results  unless  the  comparison  extends  over  a  number  of  hours  or  a 
whole  day.    By  means  of  the  apparatus  described,  in  less  than  an  hour 
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a  daily  rate  can  be  determined,  correct  within  about  three-bundredths 
of  a  second,  and  a  higher  degree  of  accuracy  can  be  secured  if  it  is 
found  desirable. 

In  this  operation  it  is  only  necessary  to  observe  coincidences  with 
both  chronometers,  and  then  again  in  forty  minutes,  or  after  a  longer 
period,  if  a  better  result  is  wanted.  No  care  need  be  takeuito  secure 
standard  conditions  of  temperature,  pressure,  etc.,  as  whatever  changes 
may  take  place  aflect  the  coincidence  interval  of  both  timepieces  aUke. 

Indeed^  it  has  been  found  possible  to  get  a  fair  rate  from  an  observa- 
tion of  a  single  pair  of  coincidences,  the  time  consumed  being  less  than 
five  minutes.  It  is  evident  that  a  method  is  here  offered  for  studying 
the  hourly  variations  of  chronometers  and  clocks,  due  to  temperature, 
pressure,  or  other  changes,  and  in  making  such  investigations  the 
timepiece  under  examination  finds  its  severest  critic  not  in  another  of 
its  own  kind,  but  in  a  free  pendulum  maintained  under  uniform  stand- 
ard conditions. 

As  an  example  of  the  comparison  of  two  chronometers  by  this 
method  the  following  is  cited: 


Chronometers. 

Negus  1589. 

Negus  15 18. 

First  coincidence. 
Second  coincidence. 
Ten  coincidence  interval. 

A,     tft.     s. 

18  17     15 

19  14     21 
57    06 

A.     m.     s. 

21  07     10 

22  03    48 
56    38 

No.  1589  —  No.  1518  =  28  seconds. 

From  which  the  rate  is  found  to  be  one  second  per  day. 

If  the  claims  here  made  for  the  free  pendulum  are  justified,  it  is 
likely  to  find  its  most  useful  application  iis  an  independent  time  stand- 
ard. For  this  purpose  not  less  than  three  of  these  pendulums  should 
be  used.  They  should  have  slightly  different  oscillation  periods,  and 
these  must  be  determined  with  great  care,  under  standard  conditions 
and  referred  to  the  most  accurate  mean  time  second  available.  Indeed 
for  the  first  standard  set  it  might  be  worth  while  to  carry  on  comparisons 
during  day  and  night  for  many  days,  that  all  errors  incident  to  the  de- 
termination of  time  may  be  eliminated  as  far  a«  possible.  Assuming 
the  physical  constancy  of  these  pendulums  and  the  possibility  of  re- 
producing with  sufficient  accuracy  the  conditions  under  which  they 
were  swung,  no  further  reference  to  astronomical  observations  is 
necessary,  if  only  the  force  of  gravity  does  not  change.  Such  a  set, 
or  one  derived  from  it,  may  be  issued  to  any  point,  with  a  certificate 
guaranteeing  the  periods  of  oscillation  as  a  simple  function  of  the  to^^^ 
of  gravity.    If  the  latter  is  known  the  oscillation  period  is  at  onc& 
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daced.  Whenever  it  is  desired  to  rate  a  clock  or  chronometer  it  will 
only  be  necessary  to  observe  a  scries  of  coincidences,  using  the  pendu- 
lum and  chronometer  as  described  above.  The  use  of  three  pendulums, 
whose  differences  must  remain  sensibly  constant  wherever  they  are, 
will  serve  as  a  check  against  changes  of  any  kind,  and  once  in  a  few 
years  a  redetermination  by  means  of  astronomical  time  may  be  had  as 
a  fui*ther#8ecurity  against  systematic  error.  The  ease  and  accuracy 
with  which  their  oscillation  penods  can  be  determined  in  terms  of  the 
second  of  a  clock  or  chronometer,  and  the  probable  constancy  of  this 
pei-iod  during  long  intervals  of  time  encourage  the  belief  that  the 
issue  of  properly  authenticated  time  standards  is  by  no  means  an  im- 
possibility, and  as  to  the  desirability  of  an  eai'ly  accomplishment  of 
such  an  end  there  can  certainly  be  no  doubt. 

ON  A  TELEGRAPniC  METUOD  OF  DETERMINING  GRAVITY. 

The  evident  superiority  of  a  free,  invariable  pendulum  as  a  time 
measuring  device,  as  comx)ared  with  the  best  clocks  and  chronometers 
has  bei>n  freciueutly  noted,  and  several  schemes  have  been  devised  for 
obtaining  difterential  measures  of  the  force  of  gravity  without  depend- 
ing on  the  accuracy  of  the  latter.  It  is  only  necessary  to  determine 
the  vibration  period  of  the  same  pendulum  in  the  two  places  to  be  com- 
pared in  some  convenient  unit  of  time.  It  matters  not  what  this  unit 
is,  if  only  it  is  constant  during  the  comparison.  Perhaps  nothing 
approaches  nearer  to  the  desired  condition  of  constancy  than  the  vibra- 
tions of  a  free  pendulum  under  constant  (conditions.  Of  two  such 
pendulums  one  may  be  assumed  as  the  standard  and  the  other  com- 
pared with  it,  first,  when  the  two  occupy  the  same  station,  and  second, 
when  one  is  removed  to  a  distant  station.  In  the  latter  case  the  com- 
parison must  be  made  by  means  of  signals  transmitted  by  telegraph. 
It  is  convenient  to  employ  a  chronometer  for  the  production  of  flashes 
at  both  ends  of  the  line,  and  the  method  x>i'actically  amounts  to  a  com- 
parison of  both  pendulums  with  the  chnniometer  at  the  sanie  time  so 
that  they  are  equally  affected  by  any  inequalities  of  the  rate  of  the 
instrument.  It  is  well  to  exchange  pendulums;  only  one  comparison 
at  the  same  station  is  necessary,  and  in  umny  respects  the  operation 
resembles  the  ordinary  method  for  telegraphic  longitude.  The  results 
would  be  subject  to  error  arising  from  variation  in  the  transmission 
time  of  the  signals,  but  this  could  be  practically  eliminated  by  using  a 
chronometer  at  each  end,  following  a  scheme  suggested  by  Mr.  Putnam 
and  which  he  describes  as  follows : 

Suppose  the  circuit  to  be  made  up  Bumothing  as  showu  in  the  sketch  below,  the 
chrououict-ors  working  into  the  main  line  through  relays,  arranged  so  that  they  may 
be  couvouicntly  shunted  out,  and  the  main  line  working  the  flash  apparatuB  at 
either  end  through  relays.  Suppose  the  chronometer  A  to  be  working  the  apparatus 
at  both  ends,  and  one  swing  to  be  observed  simultaneously  with  the  pendulamB  A. 
and  B,  which  have  about  the  same  period.  If  the  relative  periods  of  pendulums  A. 
and  B  at  the  base  stations  be  known,  we  will  then  have  a  value  for  the  relative 
gravity  of  the  two  stations  A  and  B.  This  value  will  not  be  affected  by  the  rate  of 
the  chronomeioT  A  or  any  variation  in  the  local  circuit  of  this  chronometer,  as  these 
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will  affect  both  stations  alike.  It  will  be  affected  (aside  from  errors  in  determina- 
tion of  temporaturo,  etc.),  first,  by  any  variation  from  the  beginning  to  the  end  of 
the  swing  in  the  transmission  time  of  a  second  signal ;  serond,  by  any  variation  in 
the  local  flash  apparatus  circuits;  third,  by  any  irregularity  in  the  break  circuit 
mechanism  of  the  chronometer.  The  second  sonrce  of  error  can  probably  be  made 
very  small  by  use  of  a  constant  battery  and  by  care  not  to  change  adjustments 
during  a  swing.  The  third  source  of  error  is  eliminated  by  mnlti]»lying  tHo  number 
of  observations,  so  that  they  are  distributed  over  all  parts  of  a  minnt«. 

At  the  beginning  of  the  swing  let  the  transmission  time  be  *04*,  and  at  the  end  of 
the  swing  (say  one  hour  later)  'OS*,  that  is,  we  will  suppose  the  circuit  has  varied  so 
that  a  signal  as  received  at  B  is  delayed  -01"  more  at  the  end  than  at  the  beginning 
of  the  swing.  If  this  change  is  unknown  and  neglected  it  will  enter  into  the 
deduced  value  for  relative  gravity.  The  time  of  the  chronometer  A  as  received  at 
station  B  will  practically  have  a  rate  of  '01*  per  hour  (or  '24*  per  day)  losing,  on  the 
time  of  the  chronometer  A  as  used  at  A.  This  will  cause  the  eleventh  coincidence  at 
B  to  como  seven  seconds  too  late,  or  make  the  period  of  pendulum  B  to  be  '0000014* 
(or  r^n'^im  part)  too  small,  and  the  value  of  g  at  B  as  deduced  from  this  observa- 
tion will  be  {o<A/\n}u  part;  or  about  '0055  dyne  too  large. 


Main   let.  line 


Station  A 


Kelay  At 


Station  B 


Chronomeltr  A  Chronomettr  B 

Any  possibility  of  error  from  this  source  oould  be  avoided  by  using  hofh  ckron&m- 
fters  for  each  swing.  Observer  A  would  cut  in  his  chronometer,  and  both  observers 
note  a  coincidence.  Chronometer  A  would  then  be  cut  out  and  B  cut  in,  and  both 
observers  note  a  coincidence  with  this  chronometer.  At  the  end  of  the  swing  the 
Name  operation  would  be  repeated,  and  a  few  intermediate  coincidences  with  each 
chronometer  could  be  taken  as  a  check.  If  it  is  found  that  the  eleventh  coinci- 
dences with  the  two  chronometers  at  either  station  come  too  near  together,  the 
number  of  coincidence  intervals  with  one  chronometer  may  be  made  twelve  instead 
of  ten,  so  as  to  avoid  interference. 

For  every  observed  swing  of  the  pendulums,  there  would  thus  be  obtained  two 
relative  values  of  ^,  entirely  independent  so  far  as  time  arrangements  go.  Into 
these  two  values  the  error  arising  {h>m  any  change  in  the  transmission  time  would 
enter  with  equal  amount  but  with  opposite  sign,  so  that  it  would  be  eliminated 
from  their  mean.  Also,  as  two  chronometers  are  used,  any  errors  due  to  their  irregu- 
larities would  largely  disappear.  The  time  and  labor  of  observing  would  be  but 
slightly  increased. 

In  the  above  case  it  is  supposed  that  the  transmission  time  varied  *01*  in  one  hour. 
What  variation 'Will  actually  be  met  with  in  practice  is  difBonlt  to  say,  but  the 
attached  notes  of  some  results  obtained  in  connection  with  longitude  work  ma^ 
throw  some  light  on  the  subject. 

H.  Kx.  43,  pt.  2—34 
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Variation  of  irantmiasion  time, 

[From  longitude  obaervations,  transmuwion  «ad  annatare  iinie  of  signals  on  dlffoMt  nigbto. 

Line,  battery,  and  connections  the  samo  each  night.l 


DETROIT  TO  CHICAGO. 


▲LBAKY  TO  DETROIT. 


8, 

July  16 

•022 

18 

•019 

19 

022 

20 

•020 

22 

•015 

28 

•020 

24 

•008 

25 

•013 

27 

•021 

28 

•018 

Range  in  transmission  time  =: 

"014  second  (abont  the  average). 

• 
Jane  23 

f. 

•027 

24 

•026 

25 

•030 

26 

•026 

27 

•030 

29 

•028 

Jnly   4 

•024 

9 

•028 

10 

•030 

11 

•026 

Range  in  transmission  time  = 

*006  second  (nnnsnally  small). 

The  above  are  determined  from  about  sixty  signals  sent  each  night.  There  is  a 
very  much  greater  variation  between  the  separate  signals,  the  range  in  one  evening 
usually  being  nearly  *100",  due  doubtless  to  four  causes:  first,  variation  of  line; 
second,  irregularities  of  chronometers ;  third,  errors  in  reading  chronograph  sheets 
(difficult  i-o  read  to  'Ol') ;  fourth,  variation  in  speed  of  chronograph. 

ON  A  CHANGE  IN  THE  FORM  OF  THE  HALF-SECOND  PENDULUMS. 

In  addition  to  such  modifications  of  the  method  of  conducting  the 
experiment  as  will,  practically,  eliminate  errors  in  time  determinations, 
a  somewhat  radical  change  in  the  form  of  the  pendulum  has  been  sug- 
gested since  the  conclusion  of  the  series  of  determinations  of  1891,  and 
the  three  pendulums  used  in  that  work  have  been  altered  in  their  form 
with  results  promising  to  be  entirely  satisfactory. 

The  modification  consists  in  exchanging  the  places  of  the  knife  edge 
and  plane,  the  latter  being  plai*^d  on  the  pendulum  and  the  former 
upon  the  pendulum  support.  Tliere  are  several  advantages  gained  by 
this  arrangement,  among  which  may  be  mentioned  the  greatly  dimin- 
ished probability  of  injury  to  the  pendulum.  It  is  of  the  utmost  im- 
])ortance  that  these  pendulums  should  be  in  the  fullest  sense  of  the 
woi-d  'invariable,"  or  constant  in  the  quantity  and  configuration  of  the 
matter  of  which  they  are  composed.  The  change,  and  dimensions  due 
to  change  in  temperature,  can  be  experimentally  determined  and 
allowed  for,  and  if  the  pendulums  are  properly  handled  and  cared  for 
the  quantity  of  matter  in  each  will  remain  sensibly  C/Onstant.  The 
chii)ping  of  a  knife  edge  may  alter  the  character  of  a  pendulum  so 
much  that  its  period  can  no  longer  be  compared  with  that  determined 
before  the  injury  occurred.  Such  an  accident  may  happen  without 
being  detected,  and  the  value  of  a  whole  series  of  swings  be  destroyed. 
C'learly,  a  pendulum  which  carries  no  knife  edge,  but  which  instead 
bears  a  strong  block  of  agate,  the  lower  plane  of  which  rests  ujwn  a 
fixed  edge,  is  much  less  liable  to  injury  than  one  of  the  ordinary  form.. 
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Even  undei^  the  most  favorable  conditions,  with  the  most  carefdl 
liandling,  the  edge  must  be<;ome  dulled  by  use.  If  it  be  a  part  of  the 
pendulum,  the  length  of  the  latter  is  constantly  though  slowly  increas- 
ing. No  such  effect  is  produced  if  the  pendulum  carries  the  plane, 
aiid,  besides,  this  arrangement  makes  it  possible  to  regrind  an  edge, 
or  to  use  a  new  one  without  sensibly  affecting  the  period  of  the  pen- 
dulum. There  are  other  advantages  which  will  readily  suggest  them- 
selves. 

As  opposed  to  these  there  appears  but  a  single  difficulty,  the  dis- 
turbing effect  of  which  must,  to  agree  with  theory,  be  smaU,  and  which 
can  be  sensibly  eliminated,  as  practice  has  shown.  It  is  the  difficulty 
of  fixing  the  axis  about  which  the  pendulum  vibrates.  I'his  must  lie 
in  the  agate  plane,  and  should  be  in  one  of  the  principal  planes  of 
symmetry  and  normal  to  the  other.  While  it  is  difficult  to  comply 
with  these  conditions  rigorously,  a  close  approximation  to  them  may 
be  reached  with  little  trouble,  leaving  an  outstanding  error  far  within 
the  limit  which  both  theory  and  practice  show  may  be  reached  without 
sensibly  affecting  the  period. 

A  reversible  pendulum  for  absolute  measures,  whose  length  is  about 
a  quarter  of  a  metre  and  whose  period  is  approximately  half  a  second^ 
has  been  designed  and  is  under  construction.  It  is  provided  with  two 
planes  instead  of  two  knife  edges,  and  it  is  believed  that  the  distance 
between  them  can  be  more  accurately  measured  than  would  be  possible 
if  they  were  edges.  Its  total  weight  will  probably  be  considerably  less 
than  a  kilogramme;  its  period  will  be  obtained  in  a  manner  similar  to 
that  used  with  the  invariable  pendulums.  The  attempt  will  be  made 
to  obtain,  at  a  few  base  fttjitions,  absolute  values  of  the  force  of  gravity 
of  a  higher  degree  of  accuracy  than  those  hitherto  reached  in  this 
country. 

Note. — A  brief  statement  of  the  result*  of  the  transfer  of  the  Base 
Station  for  gravity  work,  from  the  Smithsonian  Institution  to  the  Office 
of  the  Goa«t  and  (reodetic  Survey,  will  be  found  at  the  end  of  the  fol- 
lowing tables,  page  563. 
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Copy  of  original  record  for  one  da/y, 

[Stationi  Hoboken,  N.  J.    Date,  November  13, 1891.    Pendulum,  Al.    Chronometer, 

NeguB  1824.    Observer,  T.  C.  Mendenhall.] 

POSITION,  DIRECT. 
[Tempentons  giren  in  brackets  we  mdings  of  thermometer  haiiging  oateide  of  recehrer.] 


Coincidences. 

Semi-arc. 

Manometer. 

Barometer. 

Ther- 
mome- 

Swing 

• 

At- 

No. 

Down 

ter  on 

Re- 

Open 
end. 

Pres- 
sure. 

tached 

No. 

or 
*  up. 

Time. 

Left. 

Right. 

dummy. 

ceiver 
end. 

ther- 
mome- 

• 

ter. 

n%     tK»       Sm 

fntH. 

mm. 

or. 

mm. 

mm. 

mtHm 

o(7. 

I 

I 

2 

3 

4 

D. 

U. 
D. 
U. 

21    30  08 

35  02 
39  58 
44  52 

50 

4-3 

180 
['8-3  ] 

119-5 

119*0 

1 

771*5 

i8'4 

4*3 

37 

i8-o 

1 19-5 

119*0 

771-6 

i8*S 

* 

[18.3  ] 

lO 

U. 

22  14  24-5 

II 

D. 

19  21 

12 

U. 

24  15 

37 

30 

182 

[184  ] 

119*2 

1 1 8*8 

7717 

18*6 

2 

I 

2 

3 
4 

D. 

U. 
D. 
U. 

22  46  14 

52  06 
56  02 

23  «>  55 

5-0 

43 

1825 
[18-07] 

1 19.2 

11 8*7 

7720 

18*7 

4*3 

37 

i8-3 
[18-6  ] 

119*1 

1 18*8 

772-1 

18-5 

lO 

U. 

23  30  21 

II 

D. 

35  18 

12 

U. 

40  12 

37 

30 

1837 
[i8-6  ] 

1194 

1 19-0 

772*2 

i8*6 

3* 

1 
2 

3 
4 

D. 

U. 
D. 
U. 

23  53  45 

5838 

0  03  33 
08  26 

50 

4-2 

i8-5 
[t87  ] 

119-1 

1190 

772-5 

t 

18*6 

4*3 

37 

18-5 
[187  ] 

119*0 

II 9-0 

772*6 

I8*S 

ID 

U. 

0  37  50 

II 

D. 

42  46-5 

12 

U. 

47  39 

3-8 

30 

i8-5 

119*0 

119*0 

772*6 

18*5 

['87  ] 

*E.  Smith,  obnerver. 
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A — Continued. 


Copy  of  original  record  for  one  day — Continued. 

[Station,  Hoboken,  N.  J.    Date,  Nuvember  13,  1891.    Pendulum  Al.    Chronometer 

NeguB  1824.    Observer,  T.  C.  Mendenhali.] 

POSITION,  REVERSED. 


[Temperaturos  given  iu  bnk*keU  ar«  readings  of  tbennometen  hanging  outaidto  of  reoelTer.] 

Coincidences. 

Semi-arc. 

Manometer. 

Barometer. 

Ther- 
mome- 

Swing 

At- 

No. 

Down 

ter  on 

Re. 

Open 
end. 

Pres- 
sure. 

tached 

No. 

or 
Up. 

Time. 

Left. 

Right. 

dummy. 

ceiver 
end. 

ther- 
mome- 

. 

ter. 

h,   tn,    s. 

mm. 

W^^mm 

oc. 

^m^mm 

fritnt 

mm% 

*»C 

4 

I 

2 

3 

4 

D. 

U. 
D. 
U. 

I  28  32 

33  23 
38  19 
43  10 

4*4 

4-8 

187 
[189  ] 

II8-8 

1 1 8-0 

7728 

18-7 

40 

40 

187 
[18-9  ] 

1 187 

II8-2 

7730 

1 8-6 

lO 

U. 

2  12  33 

11 

D. 

17  30 

12 

U. 

22  21*5 

3-2 

3-5 

187 
[188  ] 

1 187 

1 18-2 

772-8 

18.5 

5 

I 
2 

3 

4 

D. 

U. 
D. 

U. 

2  36  46 

41  37 
46  33 
51  24-5 

4-5 

49 

i8-8 
[19.0  ] 

118-5 

1 18-2 

772-8 

187 

3*9 

41 

1875 
[18.8  ] 

1185 

1 1 8-2 

7730 

1 8-6 

1 

ID 

u. 

3  20  48 

II 

D. 

25  44 

12 

U. 

30  365 

31 

3-5 

1875 
[187  ] 

118-3 

118-3 

7728 

i8-5 

6* 

I 
2 

3 

4 

D. 

U. 
D. 
U. 

3  45  33 

50  24 

55  19-5 

4  00  II 

4-8 

4-8 

1875 
[1875] 

1185 

1 1 8-2 

773-0 

187 

40 

41 

1875 
[188  ] 

118-5 

1 18-0 

773-0 

18-5 

lo 

U. 

4  29  34*5 

II 

D. 

34  32 

12 

U. 

39  24 

3-3 

3-5 

1875 

1 18-5 

1 1 80 

772-8 

186 

[1875] 

*NoYember  14,1881. 
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TABLS  B. 
Pendulnm  ObtervatioM,  Wnshinf/ton,  D.  V.  {Smithaonian  Institution). 


[Suppgrt, 

brkkpl 

««•..  1«M.  idd. 

«.d.) 

lam. 

Pusi- 

»Z' 

Dlte. 

UL- 

i^'^ 

i.»i^. 

^ 

Tem- 
pera- 
ture. 

Hi>io- 

Bar.™- 

Pr« 

o'C. 

1891. 

&™«i. 

mm. 

mm. 

'C. 

mm 

««; 

mm 

A, 

M.r.  17 

I-m. 

2«S30 

4'S 

3S 

■4-S7 

H7-8 

773-8 

4981 

17 

Pm. 

a  8555 

4-5 

3-5 

l4-b7 

247-1 

774-1 

498-8 

3 

17 

I'm. 

aSsS'o 

45 

J-5 

14-67 

246-2 

774'3 

499-9 

n 

4 

'7 

I'm. 

38565 

4'S 

3-S 

14-82 

J47-6 

774-5 

498-4 

S 

17 

Pm. 

2  8s8'S 

45 

35 

14-92 

246-0 

774-3 

499-5 

6 

17 

I'm. 

sasfrs 

45 

3-5 

14-99 

344-4 

773-5 

500-3 

A, 

D 

7 

17 

P. 

J  264-0 

15-12 

1465 

772-7 

497-5 

8               17 

P. 

33600 

r5-27 

246-0 

771-7 

496-6 

9     '           '7 

P. 

3  2600 

15-17 

24S-0 

77I-1 

497-0 

R 

10  17 

11  .           i; 

P. 
P. 

Pm. 

3  162  s 

3  2625 
3  266' 0 

15-27 
'5-35 

15-45 

i49"0 

247-7 
247-a 

770'6 
770-3 
770-4 

492-7 
493-4 
493-8 

A, 

" 

'J 

.7 
'7 

Pm. 
Pm. 

3  726-0 
3  7M-a 

"S-59 
15-67 

242-0 
139-4 

7705 
770-5 

498-6 
5009 

•S 

'7 

Pm. 

J72I-S 

15-67 

2364 

770-3 

503-6 

R 

i6 

til 

Pm. 

3  7 '65 

15-09 

2382 

769-9 

501-5 

17 

iS 

Pm, 

3  7'7-o 

"575 

244-0 

769-3 

495-3 

IS 

iS 

Pm. 

3720-5 

'5-77 

2447 

7687 

4M-1 
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TABLE  B — Continued. 


Reduction  of  Pendulum  Observations,   WMhington,  1).  C, 

{Smithsonian  Institution). 

IPeriodH  reduced  to  temperature  l&o  C,  pressure  600  mm.  at  O^  C,  arc  infinitely  Hmull.  iiidereul  time.] 


• 

Corrections  (in  seventh  decimal  place). 

Pendu- 
lum. 

Swing 
No. 

Period 
UQCorrected. 

\ 

Period 
corrected. 

rf  ^ 

Arc, 

I  emper- 
ature. 

Pressure. 

Rate. 

s. 

■' 

s. 

A, 

I 

•5008778 

-56 

+18 

+  1 

4-57 

•5008798 

2 

8771 

-56 

+  «3 

+  1 

4-57 

8786 

3 

8763 

-56 

+  •3 

0 

4-57 

8777 

4 

8768 

-56 

+  7 

+  1 

4-57 

8777 

5 

8761 

-56 

+  3 

0 

4-57 

8765 

6 

8768 

-56 

0 

t 

0 

1 

4-57 

8769 

•5008779 

A, 

7 

•5007671 

-56 

—  5 

+2 

4-57 

•5007669 

8 

7680 

-56 

— II 

+3 

4-57 

7673 

9 

7680 

-56 

— II 

1-2 

-1-57 

7672 

10 

7674 

-56 

— II 

+5 

4-57 

7669 

II 

7674 

-56 

—14 

+5 

-1-57 

7666 

12 

7666 

-56 

18 

+5 

4-57 

7654 

•5007667 

A3 

13 

•5006719 

-56 

-24 

+1 

4-57 

•5006697 

14 

6726 

-56 

28 

— I 

4-57 

6698 

15 

6727 

-56 

28 

—3 

4-57 

6697 

16 

6736 

-56 

28 

— I 

4-57 

6708 

17 

6735 

-56 

— 3» 

+4 

4-57 

6709 

18 

6729 

-56    J 

1 

—32 

+4 

4-57 

6702 

•5006702 

536  U.    8.    C0A6T    AND    GEODETIC    SURVEY. 

TABLE  B— Continued. 

Pundulum  Obserrntiuim  at  various  pramures,   WaakiHgton,  Z>.  C, 
[Sntithsonian  Iimtitutiim). 

[Supiwr^  brick  plar.    CbronmiwUiT,  Negiu  U21,  liderHl.] 


Inm. 

lion. 

Siring 

No 

D.le. 

Ob- 

Ten 

dence  in 
tervali. 

Semi-arc. 

Tern 

'C. 

Mano. 

Barom- 

Pres. 

Initial. 

Fiiul. 

SinBHd:. 

mm 

mm 

WOT 

A, 

D 

M.,r.  iS 

P. 

a  78j'3 

[4-Sl 

liSl 

'577 

768-6 

724-6 

1) 

i8 

P, 

'577 

701-2 

i8 

P. 

2  8oZ2 

76S-2 

I835-0 

'577 

■jbrq 

4JO-6 

s 

i8 

P. 

2  8;i-5 

'597 

JCJ-^ 

5345 

D 

IS 

Pm. 

.SOB'S 

i6'23 

1 520 

766-2 

578-^ 

A. 

D 

7 

18 

Pm. 

37000 

161O 

169-3 

7652 

466-6 

I) 

H 

i8 

3  6S0'S 

i6bo 

SI17 

ri 

Pm. 

,6u,o 

.(.•76 

IB 

P. 

3  f'Si-o 

l6Sj 

1030 

7637 

620-6 

1) 

iS 

P. 

jliiS'o 

SJ'i 

763S 

668-2 

jj 

" 

iS 

Pm. 

3  594-5 

l6yS 

7b3-B 

717-0 

1 

Reduction  of  Pendulum  Obtterratintm  at  rarioiu  pressuren, 
Washington,  J>.  C.  {Stniihrnninn  Jimtitvtion). 

IFsrlodii  redaced  to  tempenttuie  15°  C.  ptusnni  GOV  mm.  MtPC,  mlDHtillrly  amall,  ildonal 


Correcli 

OS  {in  sevenlh  decimal  place). 

Pendu- 

S«ing. 

Period  un- 
cortecU-d. 

Period  eor- 
reeled. 

Arc. 

Temi>eia 

IWr.. 

itate. 

A, 

■5008999 

-56 

—3* 

—  16S 

+46 

■S008789 

-56 

+46 

8794 

—32 

+46 

8794 

^.jl. 

—32 

+4" 

88 10 

-56 

—40 

—     26 

+46 

8S00 

6 

-56 

-5" 

—  59 

+46 

8798 

■5008798 

A, 

7 

■5006766 

-56 

-56 

+  ^S 

+46 

■5006725 

-S(> 

—    24 

+46 

6701 

+  46 

6700 

-56 

6925 

-56 

—80 

+  46 

6709 

6965 

-56 

-8j 

-163 

+46 

67I0 

■5006708 

REPOKT    FOB    1891 — PART    11. 

TABLE  B — CoDtiDued. 

PeitdiUum  ObKrvations,  San  Francisco,  Cat. 

(Soppoit,  brick  pier.    Ctaraniraiitcr,  Nigoa  IB24,  •Iderad.] 


Pen- 
du- 

fosi- 
tioQ. 

Swing 

No. 

Dale. 

Ob- 

Ten 

Semi-are. 

Tem- 
pera- 

Mano- 

Barom- 

Pre«- 

o"C 

- 

intCTvals 

loitial 

Final. 

""■ 

1891. 

Stconds. 

mm- 

„,m. 

'C. 

mm. 

«». 

mm. 

A| 

U 

Ai-T-  10 

M. 

2750-0 

470 

1-25 

1274 

Z24'k 

7541 

SO47 

■i-So 

440 

975 

mi 

7SS'8 

4995 

14 

27690 

4-90 

l-bs 

ins 

234-0 

754-4 

499-0 

n 

14 

Mo. 

2  763.6 

490 

,-60 

ii« 

233-3 

TU'B 

499-9 

'5 

14 

500 

3-to 

'3-33 

228-0 

755-2 

501-5 

A, 

D 

3 

,, 

Mo. 

3  •64-4 

5' SO 

v8o 

11  OS 

201-4 

716-0 

532-0 

4 

31*35 

4'JS 

il-iS 

233-9 

7559 

Md. 

31.8-6 

1419 

49B.0 

13 

3  «777 

470 

TS5 

11-14 

21.  B 

751-9 

49S-7 

7 

13 

3  •524 

4-90 

3-35 

1179 

230-5 

751-2 

499-2 

A, 

1> 

S 

Mo. 

12-98 

2148 

<i.r-8 

9 

13 

3  5334 

330 

'373 

216-5 

7S2-0 

508-7 

Mo. 

4'go 

14-87 

" 

"3 

3  502-^ 

4S0 

3'3S 

'5-3* 

2217 

7521 

500-9 

Reduction  of  Pendulum  Observationji,  San  Francisco,  Cal. 

[P«rloda  mluced  lo  lempemture  IE"  C,  prcuuruSOO  mm.  ■■  u°C.,  »K  Inflnilol;  amall,  aidanal  Umt.] 


Correeli 

n  (id  seventh  decima 

Pendu- 
lum. 

..,., 

Period 

Period 

Arc. 

Z«.' 

Pressure. 

Rate. 

A. 

■5009108 

—55 

+  93 

—  4 

+57 

■5009199 

895' 

+216 

12 

904s 

-fiS9 

+  I 

+  .6. 

9157 

9062 

-64 

+  150 

+  16 

9»64 

14 

+22 

'S 

9185 

-65 

+  69 

"■ 

+22 

9ZIO 

■5009176 

A, 

3 

■5007912 

-76 

+  163 

—24 

+5' 

■5008026 

+  a 

+SS 

8058 

+'59 

+  1 

+n 

8003 

7 

7943 

+132 

+  « 

+»3 

8039 

5008037 

A, 

8 

■5007054 

-56 

+  83 

~  9 

+23 

■5007095 

9 

708S 

--  52 

—  7 

+23 

7095 

7 '3' 

-58 

--    5 

+  ■ 

+30 

7109 

7149 

-  '3 

+37 

7i"4l, 

-^C«VV^ 

538       or.  6.   COAST  and  geodetic  subtet. 

TABLE  B— Continued. 
Pendvlum  Observationt,  Port  tHmpaon,  B.  0. 


18np]»rt, 

wood™ 

■tuiL     Chnmome 

t«itfu 

n>«DUm«.] 

Pen- 
lum. 

Posi- 
tion. 

U 
R 

Swing 
No. 

Dole. 

Ob- 

Ten 

coinci- 
dence 
interrals 

Semi-arc. 

Tern- 

Mano- 

"rr 

Pres- 
sure al 
o°C. 

Initml 

Final. 

ture. 

\ 

Apr.  29 
29 

M. 
M. 

i  0299 
3057-2 

S'5 

370 
350 

■c. 

B-77 
1073 

2472 
336-9 

76™. 
767-6 

503-0 
509-8 

A, 

D 

I 

29 

29 

M. 

I700'0 
2  7i;-2 

5 '05 

3-65  !  '.V9S 
3-75  1  '4-9D 

244-8 

768-s 

768-5 

497-' 
495-a 

A, 

11 

I 

29 
29 

M. 
M. 

2461-5 

IZ 

390    1540 
370    I5-40 

241-2 

'43-3 

768-5 
768-f> 

497-9 
49«™ 

RedvHion  of  PendHlum  OimerrutUmt,  Port  Simpson,  B.  C. 

|P«nuilH  reduued  to  tciDpsntare  15°C..  proMunt  M\  iiiiii.  ul  D°  C.  urr  infinitely  iiult.  (Idorral  tln«.] 


Pendu- 

Swing 

Period  ancorrecteJ. 

l:o„,c« 

iis(st.'VEnth  decimal  iilace) 

Period 

-SOo'5463 

5455 

Mean  time 

Sidereal 

Are. 

Tern- 

Pres- 

Kale. 

A, 
A, 

A, 

3 

1 

■■"'Is 

■4990758 
08IC 

-4989854 
9864 

■5005430 

5503 

■5004422 

4481 

■5003516 
35*6 

-67 
-69 

—71 

-67 

1-  43 
f  4 

—  16 

—  16 

-7 

+J 
+4 

+* 
+3 

-IS? 
-152 

-IS* 
-.52 

-ISS 
-152 

5005459 

-5004248 
4*68 

-5004258 

■5003279 

3294 

■5003286 

REPORT  FOR  1891— PART  n. 

TABI.E  B— L'ontiuueJ. 

Penilubim  Obaervatiom,  Juneau,  Aiaslca. 

[Hupport,  woodn  ataod.    ClirunomrtBr  Z4eo,  mtaa  time.] 


pen- 
du- 
lum. 

Pfffli 

Swinp 

Uale. 

Ob- 

Ten 
coird- 

Semi-arc. 

TKm- 

Mano- 

Barom 

Pre*. 
o°C. 

lion. 

server 

J=. 

Initbi. 

Final. 

meter. 

■  eter. 

SteonJi. 

"C. 

«,m 

mm 

mm 

A, 

IJ 

May.. 

M. 

2  7S6t( 

4-70 

7b2-4 

486-0 

2804-5. 

4-70 

3-45 

13-10:  244-0 

762-0 

493» 

a  790'a 

.1-40 

I2'S8.  233'0 

7S9-8 

Soa'3 

13 

13 

470 

345 

12-95    235-0 

759'8 

4999 

A, 

D 

1, 

M. 

470 

76<-^ 

498-4 

2  536  0 

70.-4 

9 

2  46S-2 

4-0^ 

345 

II-4I     »34'0 

7598 

5038 

K 

'^ 

2  4740 

4S" 

3-5S 

11-82    239-0 

759-8 

49S-3 

A, 

T> 

M. 

i3"8-5 

4'6o 

,60 

7606 

K 

2317-3 

45° 

rto 

18-00    225-5 

760-2 

500-3 

K 

M. 

2 .262-8 

\bs 

2  2(,7-S 

4-65 

3-60 

10-48 1  I39'8 

7S9'4 

499-7 

Kedttction  of  Pendulum  Ohserrationa,  Juneav,  Alaska. 

Is  rtnluct^  U>  t''iuiHiT]itiin>  1&^  C,  pn-iMui-v  !kH)  iDm.  at  0°  C,  Aru  iDlinlCely  imJill,  ftii]«n 


Fendo- 
iuDi. 

Ai 
A. 
A, 

Nci. 

reriuti  uncorrected. 

CoriKti.™  (in 
pi. 

evcEith  ■ 

ecimal 

Period 
corrected. 

Mi-an  lime. 

Si<lert-al 

-5004710 
4767 
47SO 
47«o 

3554 

3S77 
2895 

Arc. 

=1 

—60 

-11 

-57 

-S9 

—60 

Tem- 

Pre*. 

Rate. 

-113 
-"3 
-113 
-"3 

-113 

—  113 
-113 
-"3 

—  113 
"3 

-113 
"3 

3 

4 

5 

6 

7 

J. 
-499 '04S 

1085 
1114 

-4990072 

-498989^ 
9915 

-4989240 
8999 

+  142 
+  78 

+  '84 

—  26 

—  91 
+  148 
+>3> 

-13S 

—  124 

i;5i 

+  10 

+  5 

+  1 

-  3 

-+-   ' 

+    3 

■5004691 
4679 
4679 
4693 

■5004686 
■5003536 

3^i 

3539 

-5003S4J 

-5002592 
2600 
Z676 
2671 

■500263s 

U.   S.  COAST  AND  GEODETIC    SURVEY. 
TABZiB  B— ContiDued. 
Pendulum  ObHervatians,  Pj/ramid  Sarbor,  Alaska, 

(Ijoppuit,  woo 


Pen- 

It 

Swing 
No. 

DKe. 

Ob- 

Tea 
coinci- 
deQ« 
intervals. 

Semi -arc. 

Tern 
pera- 

Mano- 

B«Dm- 

Pres- 

Initial. 

Kmil. 

.89:. 

Stcondi. 

mm 

mm. 

'C. 

mm. 

mm. 

mm. 

A| 

D 

S 

May  16 

M. 

2^n■° 

4-6S 

3-50 

»'S7 

227« 

754-5 

SOS-I 

D 

6 

16 

M. 

=  752-S 

460 

3-45 

11.54 

132-8 

7S5-2 

500-4 

R 

7 

16 

M. 

a74rS 

470 

350 

1114 

233-5 

756-0 

soil 

R 

S 

iS 

M. 

2  735-2 

4-50 

3-3S 

9-62 

140-7 

760- 1 

SO0-9 

D 

9 

18 

M. 

3  ;56o 

470 

3-40 

II3J 

ii(>-i 

760-9 

502-9 

A. 

D 

3 

16 

M. 

a43S'8 

4-55 

3-45 

il-a4 

232-3 

754'i 

Soo-8 

K 

4 

16 

M. 

I44«5 

4-SS 

3-w> 

H-J7 

*30S 

7S4-6 

5oa-3 

D 

18 

M. 

2451  J 

4-65 

3-4S 

i4'00 

=33-8 

761-8 

501-2 

R 

iS 

M. 

2466.2 

4-50 

330 

14  89 

2350 

762-3 

498-9 

D 

iS 

M. 

2  457'i' 

4-60 

3-60 

14-67 

237-6 

763-0 

497-4 

R 

IS 

IS 

Mo. 

M«-8 

4-50 

3-60 

11-86 

234-8 

763-5 

SOS-8 

A, 

D 

, 

16 

M. 

2 I26-S 

47'^ 

3to 

9-36 

234-5 

7554 

S02-9 

R 

16 

M. 

2  234-8 

4-6S 

360 

1025 

232-3 

755' 

S03-2 

D 

18 

M. 

2  2505 

470 

3-75 

231-8 

762-6 

501-4 

R 

•3 

18 

M. 

2i63-0 

4-6S 

3-65 

234-8 

761-9 

498-p 

D 

i6 

IS 

M, 

22050 

4-6S 

3-75 

988 

244-2 

704-3 

50I-I 

D 

'7 

iS 

M. 

2  195-2 

4-65 

31.5 

900 

246-7 

764-8 

500-8 

REPORT  FOR  1891 — PART  n.  541 

TABI.B  B— ContiniMd. 
Reduction  of  Pendulum  Observations,  Pyramid  Sarbor,  Alashi. 

[Fuiiidi  reduoad  to  tompitnlun  WC,  pmiHure  SiOOnua.  atCK>  C,  an  InOaiMlj  aukU,  nldBnal  tiau.] 


C.™u„.  _,;,,_ 

Pendu. 
Imn. 

Swing 
No. 

Period 
corrected. 

Siderol 

Tem- 

Pre.. 

Rate. 

time. 

perature. 

A, 

5 

1. 

-4990949 

•5004613 

-S8 

+  141 

—4 

-146 

■5004546 

■(-143 

-146 

7 

■    4S63 

--59 

+  159 

4516 

8 

4508 

—54 

+  MZ 

—146 

4529 

9 

0945 

4610 

-58 

+  152 

. 

4556 

■5004537 

A, 

3 

■4989770 

■500343" 

-S6 

-1  '55 

—  1 

-146 

■5003383 

.1443 

-ii 

+150 

339* 

98« 

3484 

+  4» 

—146 

9884 

3546 

-53 

+    5 

+  ' 

3353 
3318 

14 

3507 

=11 

+    <4 

+  2 

IS 

9701 

3364 

+  .«, 

3*85 

■5003343 

, 

—61 

+  232 

—2 

-146 

8838 

2497 

+  196 

-146 

2485 

2575 

—  14 

335* 

897^ 

263. 

—61 

+' 

-146 

2316 

i6 

^348 

'7 

8638 

!  247 

-.46 

2335 

■5003386 

Pendulum  Ohserrationii,  Yakutat  Bay,  Alajilea, 

(Support,  wonlon  rWdiI.    Chirai»oniet«r  MM,  atm  tima.] 


Pen- 
du- 
lum. 

Prei 

Swire 

No. 

Date 

Olj. 

Ten 

dence 
intervals 

Semi-atc, 

Tem- 
pera- 

M»no- 

Barom- 
eter. 

PreB- 
o»C. 

Inilial. 

Final. 

1 891 

StCOHlls. 

mm. 

mm 

-c. 

mm 

-.-, 

A, 

D 

1 

May  23 

M. 

2776-0 

470 

T45 

1600 

768- 1 

4qS-^ 

320 

7 

33 

2  7I7'2 

470 

3'35 

2407 

7b6-2 

502-4 

A. 

D 

1 

33 

M. 

2  4S8-8 

14-17 

767-8 

4 

21 

3452-2 

4-40 

3*30 

r4-89 

237-2 

767-4 

5o'-5 

A, 

n 

5 

33 

M. 

2  2290 

4^45 

3^55 

14-30 

239'S 

766-6 

499^8 

jj 

33 

M. 

460 

3C5 

>35' 

238-3 

7W>^5 

502-0 

542  a.  B.  COAST  AJfl)  GBODETiC  81IBVE7. 

TABIiB  B— Conttnned. 
RednHiMt  of  Pendulum  Observations,  Yakutat  Bay,  Alaska. 

[P<'rinUnndiK«dK>tenip«ntiinlBBC.,  proHunDOOiain.  atO°C^  ara  Inauilcly  uBmll,  (idan*!  tine.] 


'  Pendu- 

Swing 
No. 

Period  uncorrected. 

Corrections  (in  seventh  decinul 
place). 

Period 
corrected. 

'     lum. 
i 

Mean  time 

Sidereal 
time. 

Arc. 

Tem- 
perature. 

Pres- 

Rate. 

., 

7 

-4991010 
0943 
0S16 

■5004675 
4608 
4481 

-58 
-57 

—  41 

+     3 
■4-1*4 

+1 

-90 
-90 
—90 

■5004487 
■S004471 

A, 

i 

^"^^ 

-"^ 

-49 

-52 

+  34 

+    S 

- 

—90 
-90 

3.!50 

■snoajjs 

A, 

I 

■4988809 
8798 

■5002468 

2457 

i£ 

-(-  »9 
+  6. 

-I 

-90 
-90 

i3« 

■5002358 

Pendulum  Observations,  Sitka,  Alaska. 

[Supiiort,  rock.    Chnmuuuter  1*90.  mean  Uinie.] 


Pen- 
du- 
lum. 

P«i 

^No"^ 

Date. 

Ob- 

-Ten 

dencL'  in 
icn-als. 

Semi-arc, 

rem 

pera- 

Mano 

Hamm 

o»C. 

Initial 

Kinal. 

meter,      eter. 

1891. 

SffonJ.'. 

mm. 

mm. 

"C. 

mm     \    mm 

MM 

A, 

May  26 

M. 

2S04-8 

ll-Hi 

498-9 

z6 

4'l.S 

3'S5 

I22J 

243-2 

765-5 

iS 

M. 

I79S'J 

io^6o 

498-6 

" 

4-bo 

3-45 

"79 

245*0 

7b3.o 

495-6 

A. 

D 

26 

M. 

2  4S6-0 

4-75 

3-40 

w;2 

I4fl 

76S-4 

500-8 

4 

=  464-5 

4- IS 

VSo 

76S-6 

5026 

S 

2463-8 

450 

345 

10-0  J 

245-8 

765-4 

4993 

M. 

2504-8 

450 

3-55 

J4I-0 

495-5 

13 

28 

M. 

2  5>2-5 

4-45 

3-45 

.4-87 

248-1 

7(.2-7 

A, 

D 

6 

27 

M. 

2  259.8 

4-6o 

9-80 

76S-0 

496-1 

7 

rto 

76^-0 

37 

2J8o-2 

4.60 

355 

13*05 

239-3 

7b4*2 

499-9 

9 

27 

M. 

22S4-5 

4-55 

3-55 

13-20 

23«-3 

7641 

500-4 

REPORT  FOR    1891 — ^PAET  IL 

TABVB  B— ContJnned. 

RedvctiOH  of  Pendulum  Obserratumg,  Sitka,  AUuka, 

[FeiiadiTeduc«dU  tamperilimlBcC.,  pr««iue500miii.atO°C.,  uo  Indaltel;  imkU.  «1d 


S43 


Inm. 

Swing 
No 

Period  unconected. 

Corrections  (in  seventh  decimal 
pUce). 

Period 
conecled. 

Mem  time. 

Sidereil 

Arc. 

Tern- 

perature. 

Pres- 

Rate. 

A, 
A, 

3 

4 

5 

"3 

6 

7 
S 
9 

■499110a 

1 136 

9873 

-4990039 

0070 

-498896a 
8999 
9060 
9081 

■5004768 
4780 
4747 
4791 

■S003626 
353S 
3S3S 
3701 
373a 

-5002622 

2658 
2720 
2740 

-56 

-59 
-54 
-57 

-58 

-It 
-57 
-55 

=11 

=P 

+  '3' 

+  "4 
+  181 

+  132 

+ir5 
+165 
+180 
+  47 
+    5 

+2.4 
+1S7 
+  So 
+  74 

+   I 
+  « 
■1-  3 

+  I 
+  3 
+10 

+  3 

+    X 

i 

-90 
—90 

=i 

-80 
—80 
—80 
-80 

1. 

:5s 

■5004769 
5003591 

3557 

s 

3609 

■5003588 

■50oa70o 

Si 

.6,6 

■SO01686 

Pfndultttn  Obnrrcalions,  WrangeXl,  Alaska. 

[Snpport.  iroo<]<'n  oland.    GhiDDomater  2490.  mein  time.] 


Pen- 
du- 
lutn. 

Posi- 

Swing 

D«le, 

Ob- 

Ten 

Semi  arc. 

Tern. 
pera- 

Mano- 

Barom- 

Pre»- 

Eureal 

— 

J89I. 

-- 

intervals. 

Initial 

Final. 

'""■ 

Scmni/s. 

turn. 

mm 

-c 

mm 

mm 

mm 

A, 

1) 

June   1  1  M, 

aS9i-8 

4-50 

11-46 

*340 

758-8 

5oa-« 

2896-5 

45ti 

VIS 

140-3 

758-8 

496-0 

'93^7 

3-20 

'3 

3-35 

17-61 

230-3 

757-6 

493-9 

A. 

t) 

■^ 

M. 

2  573-2 

4- SO 

3'S 

"■95 

216.7 

*56ji 

4'30 

:rio 

.2-8.; 

*33-5 

759'S 

501-3 

9 

4-3  S 

xw 

219-7 

7590 

502-1 

a57j2 

4- SO 

3-25 

IJ-IO 

7S8'9 

K 

" 

M. 

asSo^o 

4-40 

3-30 

.S-«o 

a36-5 

758-7 

49a-4 

A, 

D 

<■ 

M. 

'  3337 

4-45 

3-25 

ia-76 

2,v8 

SOI  8 

2  337-3 

4-40 

.V3S 

■J33'5 

760. 

501-9 

7 

a.»i8 

4-4S 

340 

234-3 

759-4 

1 

4-40 

3-35 

"•59 

2353 

2^^V""\ 

544  n.   S.   CDABT  AND  GEODETIC   SURVEY. 

TABIiE  B — ContiDiii>d. 
Reduction  of  PeHdulum  Observations,  Wrangetl,  Alatka. 

[f*T^i>ndnmll(it(miH«tBnlE°C.,  pnuan  500  mm.  at  u°  C,  an  isBDlM;  HndL  aida 


Pendu- 
lum. 

No. 

I'eriod  uncorrccied. 

Correctiani  (in  Mventh  decimal 
place). 

Period 
collected. 

Mean  time. 

Sidereal 

Arc. 

Tern- 

Pres- 

Rate. 

A. 
A, 

A, 

'3 

3 
4 
9 

I 

■4MI370 
■384 
"490 
1529 

4990303 
0265 

0303 
0339 

■4989310 
9327 
9301 
9332 

■S<»S03S 

SOSO 
5156 

S'9S 

■5003966 
3918 

39<™ 
399* 

'S00Z970 
2991 

-S3 
-53 
—S3 
-S6 

-li 

— 5» 

-S3 
-Sa 

-S2 
-S3 
-S4 
-S3 

+  S4 

—  33 

+  91 
+140 

+3 

+4 

+s 

it 

—* 

—60 
-60 

—27 

—17 

—60 
-60 
—27 
—37 
—27 

-60 
—60 
-27 

■SooS*^ 
S061 
soot 
5009 

■S00S034 

■SOOJ94I 
3908 
3882 
3886 
3886 

■5003901 

■S002949 
2964 
30S9 
30s ' 

■S003006 

Pendulum  Obaerrations,  Bxrvoughs  Bay,  AUulca. 

ISupiwrt,  as  decieoated.    ChmnHnmiteT  3400,  nwan  Umc] 


ren- 
du 

Posi 

tion. 

S 

7 

IHte. 

Ob- 

1     Ten 

coinei- 
■ denee  in 
1   terrali. 

Sen. 

arc. 

Tem- 
pera- 
lure. 

"„=: 

eler. 

I'res- 
o°c' 

Initial. 

Final, 

3-30 
3-3S 

A,* 

D 
R 

.89.. 
June  6 

M. 

1    2qS10 
j    2936-2 

470 
4-50 

"C. 
9-78 

5 

mm 

759-8 
760-2 

SoS-a 
5067 

A,t 

D 

6 

6 

M. 

1    2932-3 

4SO 

3-05 

10-97 

235-2 

7S')-9 

503-S 

A,* 

D 

8 

6 

M. 

2584-. 

440 

330 

11-16 

241-0 

7602 

497-9 

A,t 

R 

9 

6 

M. 

■  z  567-0 

430 

320 

9-73 

236-5 

,60. 

5049 

A,« 

R 
R 

4 

4 

M, 
M. 

1     2436-0 

z  391-2 

4-SO 
4-50 

3-50 
3-55 

;3s 

22 1  S 

749-8 
7499 

4946 
503-" 

A.t 

R 
R 

3 

« 

M. 
M. 

2436-5 
2425-0 

4-SO 

4-50 

3-So 
3-30 

16-40 
1522 

322-7 

7500 
7504 

4961 
Soi-i 

BEPOKT  FOB  1891 — PART  II. 
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TABLE  B — Continued. 


Reduction  of  Pendulum  Observation^^  Burroughs  Bay^  Alaska, 

(PeriodB  redu«;ed  to  temperature  15P  C,  pressure  500  mm.  at  0°  C.,  arc  inliuitely  small,  sidereal  time.] 


Pendu- 
lum. 

Swing 
No. 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 
corrected. 

Mean  time. 

Sidereal 
time. 

Arc. 

Tem- 
perature. 

Pres- 
sure. 

Rate. 

Ai 

A| 
A, 
A, 

A3 

A, 

5 

7 

6 
8 

9 

I 
4 

2 
3 

s. 
•4991546 
1500 

•4991489 

•4990344 
•4990280 

•4989758 
9567 

■4989760 
9712 

s. 
•5005212 
5166 

•5005155 

•5004008 

•5003943 

•5003420 
3228 

•5003422 
3373 

-56 
—54 

-50 
-52 

—49 

-56 
-57 

-56 
-53 

+  215 
+160 

+  166 

+  158 
+217 

—  III 

+  47 

—  58 

—  9 

—6 
-5 

-3 

+2 

—4 

+4 
— 2 

+3 
—I 

—25 
-25 

-25 
-25 

—25 

-50 
—50 

—50 
-50 

s. 
•5005340 
5242 

•5005291 
•5005243 

•5005243 
•5004091 

•5004091 
•5004082 

•5004082 

•5003207 
3160 

•5003186 

•5003261 
3260 

•5003260 

H.  Ex.  43,  pt.  ^-^ 
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U.    S.    COAST   AND   GEODETIC    8UBVET. 
TABLE  B — Continued. 

Pendulum  Observationt,  Seattle,  Wath. 

[Support,  (tone  pi«t.       ChraiMimcur  MK,  muui  time.) 


Peo- 
dii- 
lum. 

Posi- 

rfnn 

Swing 

Dale. 

Ob- 

Ten 

coinci- 

Sfmi-wc. 

Tem. 

Mano- 

Barom- 

Pf»- 
o»C. 

'""'"^ 

Initial 

Final. 

'""■ 

1891. 

&i-!mds. 

mm. 

mm 

'C. 

mm 

mm 

mm 

A, 

|urc« 

M. 

460 

I'90 

M5-6 

4W 

17'Mi 

2z6-o 

7597 

499-6 

290 

17-73 

J38-7 

7599 

497-4 

Mo. 

4-70 

•7-4H 

760-1 

33 

4017-5 

4-bS 

3-10 

760-4 

497-9 

4  01 3-1 

4-70 

3- 10 

i7'ii 

760-4 

SOO-3 

1) 

23 

39963 

4-70 

2-90 

2197 

760-5 

498-7 

Mo. 

224-8 

760-4 

502-S 

^3 

4  0I7'S 

4'SS 

2M 

17-40 

333» 

7S9-9 

493-8 

K 

23 

404ro 

4-45 

270 

1771 

2267 

498-3 

iM 

17-85 

22(,7 

7SS-4 

4056-^ 

.H-,q 

k 

^» 

25 

4o6g'S 

4-40 

3-05 

18-24 

330-2 

7SH-S 

494- " 

Mo. 

4078-5 

lg-23 

128 '3 

7,8-8 

40 

»5 

4  077-0 

4-7  S 

3-00 

.aw 

227-7 

759' 

496-9 

4i 

4  0J0'2 

^•95 

■773 

2290 

758« 

495*5 

Reduction  of  Pendulum 

[Periods  nduced  to  Icxnpermtnre  iXP  C.,  pi«fl«u 


ObtervationB,  Seattle,  WmK. 

e  UO  mm.  at  0°  C,  arc  Inflnitdr  amall,  sidereal  time.] 


plac 

Pendu- 
lum. 

Swing 
No 

Mem  time. 

Sidereal 

Tem. 

Pres- 

Rale. 

sure. 

A, 

, 

■4993737 

■50074 '0 

-50 

—  132 

+  1 

-  90 

■5007149 

3771 

7443 

-44 

—  90 

7193 

3 

3774 

7446 

-50 

+2 

~  90 

7196 

4 

379' 

—54 

+3 

-  99 

7212 

3785 

7458 

—52 

-  95 

+a 

—  99 

7314 

3777 

7449 

-53 

—  9' 

—  99 

7 

3757 

7430 

—49 

S 

375» 

7425 

—5' 

—  75 

+' 

7198 

9 

3776 

7448 

-51 

7211 

7473 

—  99 

-  5 

-109 

7"5 

382< 

7494 

-46 

—  109 

3828 

75'» 

-47 

-117 

-109 

7229 

37 

7S'7 

-St 

-'3» 

-.4 

7211 

7537 

—49 

—'33 

-.4 

723' 

3878 

7^38 

3876 

7548 

45 

3S0S 

7477 

-50 

+3 

-136 

7182 

-5007310 

i 


BEPOET  FOR  1891 — PABT  IL 

TABLE  B— Contioa«d. 

Pendvlum  Observationg,  Seattle,  Wash, 

[Support,  alome  plat.    Chnmonieter,  2190  mUD  time.  ] 


Pen 

Posi 

linn 

No 

Date. 

Ob- 

Ten 
coinci- 
dence 

Semi  arc. 

Tcm- 

pcra- 

Mano- 

Barom- 

Pres- 

'"'"■ 

Initial. 

Final. 

.891. 

Stcimdi. 

mm 

mm. 

'C. 

mm. 

mm 

™m 

A, 

4'bo 

310 

17-99 

22V8 

14 

23 

3  443'0 

4-5  S 

3-10 

I?-)*! 

130-s 

757-6 

493-1 

"■; 

'i 

440 

3-10 

7S7-S 

490-5 

M 

3  442-8 

3-3S 

327-4 

470 

224-0 

^4 

3  440'3 

4-6^ 

3-20 

17-51 

7S6-S 

497-6 

'9 

24 

343>-3 

47S 

3-3S 

17-iS 

334-S 

7S6-S 

499-' 

14 

3433-5 

470 

3-3S 

17-0^ 

324-5 

499-3 

34 

3  434-2 

47S 

335 

1701 

224 -a 

499-6 

24 

M. 

4-bo 

17-20 

iibs 

49b- 1 

a.l 

34 

3  43^-8 

460 

3Z0 

17-41 

215-S 

7SS-3 

4q6-5 

2« 

34 

3  4210 

17-t.s 

3  433-S 

4-0^ 

.r3<i 

17-13 

237-3 

759-3 

499-3 

43 

'"'■' 

47S 

3-30 

17-11 

2242 

759-3 

5021 

Bedvction  of  Pendulum  Observations,  Seattle,  Wash. 

(Perioda  redaoed  to  (empentan  1S«  C.,  pnuureSOO  mm.  mtlFC,  arc  luflaltxly  hdkII.  Bid 


Correclions  (in  seventh  decimal 

Pendu- 
lum. 

No"^ 

Period 
corrected. 

Mean  time. 

Sidereal 

Aie. 

Tem- 
perature. 

Pres- 

Rate. 

A, 

'3 

■4993745 

-50064"  5 

-53 

—  123 

+3 

„„, 

■5006121 

14 

3749 

6419 

— S' 

6129 

6134 

2749 

6419 

-54 

+3 

—  142 

"7 

—57 

+  1 

6113 

3744 

+  3 

6117 

'9 

3735 

6394 

— !6 

-89 

+  1 

— «49 

6101 

1729 

—55 

+  1 

—  149 

6112 

-S6 

-83 

6113 

23 

2684 

6353 

-S3 

+3 

2707 

6376 

+3 

U 

2703 

6373 

-51 

—  109 

+5 

— "39 

6078 

6121 

43 

2738 

6397 

-57 

-«7 

--.36 

611S 

5006109 

U.  8.  COAST  AND  GEODETIC  SURVEY. 

TABLB  B— Continued. 
Pendulum  Observations,  Seattle,  Wmk. 


w  pier.   ClinmoDWI«r,  2tW  nn 


ie.1 


lam. 

Posi 

lion. 

^n'J!^ 

Date. 

Oh- 

Ten 

Semi-arc. 

Tem- 

Mano- 

Birem 

Prei- 
sureat 
o-C. 

sen'er.l    denct 
jiolervals 

Initial. 

Final. 

A, 

D 
D 
D 
R 
R 

D 
D 
D 

R 
R 
B 
R 

25 

3 

30 
3' 
32 
33 
34 

P 

43 

1S9.. 

June  n 

14 

14 

as 

25 

25 
»5 
»S 
25 
»S 
JS 

a 

26 

M. 
M. 
M- 

Mo. 

Mo. 
Mo. 
Mo. 
Mo. 
Mo. 
M. 
M. 
M. 
Mo. 
Mo. 

3  ojS'H 
3040-1 
3°43-o 
J044-I 
3043-5 
30425 
3037-0 

3023-8 
3  023-0 

30278 

"&» 

4B5 
4-70 
4-75 
4-75 
4-75 
4-7S 
4-5S 

::£ 

4-70 

4-6S 

340 

3-40 
3-40 
355 
3-40 
3-5° 
3-40 
3-35 
330 
3-40 
3-45 
3-50 
3-35 
340 

"C. 
I7-7S 
17-85 
'7-95 
17-75 
I7-66 
'7-58 
1721 
17-30 
17-13 
■7-45 
17-71 
.7-SS 
17-25 
17-41 

230-0 
230-3 
225-0 
225-2 

M7-0 

223-7 

2235 

214-i 

221-4 

230-5 

2*5-0 

223-8 

229-8 

224-7 

756-3 

756-8 
757-0 
757-3 
7S7-4 
757-6 
758-2 
758-3 
7SS-3 
758-1 
757-6 
757-3 
758-9 
758-6 

mm. 
492-7 
492-8 
497-8 
500-i 
496-7 

SOO-2 

5016 
SOi-i 
5026 
494-5 
498-7 
4993 
49«>-3 
500-S 

Reduction  0/ Pendulum  Obaervatwnt,  Seattle,  Wash, 

(Pcriodaraduced  latemperBtnmlS^  C.,  prewnra SOO CDiu.  M 0°  C,  arc luflnlld; small,  aldoval  Ui 


Period  uncorrected. 

Corrections  (in 

evenlh  decimal 

Pendu- 
lum. 

Swing 
No. 

Period 

Meantime. 

Sidereal 
time. 

Arc. 

Tem- 
perature 

Pres- 
sure. 

Rate. 

-56 

—161 

■5005110 

1790 

5458 

—bo 

—  117 

+  5 

5125 

1798 

5465 

+2 

—161 

5126 

-113 

-169 

5125 

29 

"799 

5466 

-58 

+  2 

-.69 

5'3i 

1797 

5464 

—60 

—  106 

-169 

5129 

31 

1782 

5449 

-58 

-  9' 

5'33 

32 

5450 

-55 

—  91 

S'37 

33 

—S3 

—  92 

S"3S 

1746 

-56 

+4 

5 '48 

1768 

5435 

-« 

+  1 

S'S4 

36 

"777 

5444 

-SB 

-119 

43 

1732 

5399 

-57 

—  93 

+3 

44 

1757 

5424 

-57 

-  99 

S'32 

■5005133 
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TABLE  B— Contiuned. 
Pendulum  Observations,  Mount  Hamilton,  Cal,  (Lick  Observatory). 


[Support,  brtcli  pirn.    Chrpn 

meter  D 

fgOsJT 

a),  ridenal.] 

Pen- 

lum. 

Posi- 

Swing 

No. 

Dale. 

Ob- 

Ten 
coinci- 
deoce 

s..i-„. 

Tem- 

Mano- 

Ba.om- 

Pres- 

Initial, 

Final. 

ture. 

o-'C. 

1S91. 

Sfconds. 

M« 

mm 

"C. 

n,m. 

n.m 

««. 

A, 

R 

Jiiy  3 

M. 

2470-8 

470 

3-to 

20-30 

IIJ-O 

657-2 

5049 

k 

M, 

J  473-0 

475 

3.60 

20-S7 

121-S 

6S7-4 

496-3 

D 

3 

M. 

2  4780 

475 

3-60 

I0-7S 

'27-3 

657-6 

491-1 

D 

Mo. 

2471-0 

4-75 

3-60 

20-98 

123-2 

6^7-4 

494-3 

R 

•S 

M. 

2461-0 

470 

3-5° 

2162 

119-5 

658-I 

4974 

A. 

D 

S 

M. 

=!77f3 

4-65 

3'40 

2.-23 

II0-8 

657-1 

49S-8 

D 

6 

M. 

465 

345 

21'43 

WXl 

656-9 

496-2 

R 

7 

M. 

2771-3 

4-60 

3-4° 

iri3 

656-8 

490-2 

R 

S 

M. 

2  767-* 

4-55 

3-45 

1*45 

6568 

4926 

D 

14 

M. 

2  739-0 

4-55 

3-35 

21 '81 

120-3 

657-9 

4961 

A, 

D 

9 

M. 

3"i3-o 

4-65 

330 

20-02 

I2S-5 

658-2 

494*7 

D 

M. 

30930 

4-SO 

3-30 

20-40 

121-8 

6585 

498-6 

R 

M. 

309S-S 

470 

.1-30 

21-05 

1252 

658-6 

493-5 

R 

M. 

30792 

4-65 

3'3S 

2I-5H 

658-3 

504-3 

R 

'3 

M. 

3079-5 

4-6S 

3-35 

21-78 

120-2 

658-2 

496-5 

550  U.    8.   COAST   AND   GEODETIC   SURVEY. 

TABLB  B— Cos  tinned. 

Reduction  of  Pendulum  OhservationSj  Mount  Hamilton^  Col. 

[Lick  Observatory), 


[Periods  reduced  to  temperature  15°  C 

/.,  pressure  ( 

>00mm.  at  (P  C,  arc  infinitely  small,  sidereal  time.] 

1 
Corrections  (in  seventh  decimal  place.) 

Pendu- 
lum. 

Swing 
No. 

Period 
uncorrected. 

Period 
corrected. 

Arc. 

1  empera- 
ture. 

Pressure. 

Rate. 

J. 

s. 

A, 

I 

•5010139 

-61 

218 

—4 

+  43 

•5009899 

2 

0130 

61 

— 229 

4-3 

4-  43 

9886 

3 

0109 

—61 

-237 

+7 

+  59 

9877 

4 

0138 

61 

— 246 

+4 

-fl02 

9937 

15 

0175 

-59 

-273 

+2 

+    65 

9910 

•5009902 

A, 

5 

•5009037 

-57 

—257 

4-3 

4-102 

•5008828 

6 

9074 

--58 

—265 

-f3 

+    87 

8841 

7 

9038 

-56 

-253 

+7 

-j-IOO 

8836 

8 

9051 

-56 

—247 

-f6 

4-  72 

8826 

14 

9144 

-55 

—281 

+3 

4-  36 

8847 

•5008836 

A3 

9 

•5008070 

-55 

—207 

4-4 

4-80 

•5007892 

10 

8096 

—53 

— 222 

+  1 

+  78 

7900 

II 

8081 

-56 

—249 

4-5 

4-  77 

7858 

12 

8132 

-56 

—271 

—3 

4-  73 

7875 

13 

8131 

-56 

—279 

4-3 

4-87 

7886 

•5007882 

-> 


f. 


REPORT  FOR  1891 — PART  II. 

TABIiB  B — Continued. 

Pendulum  Obtervationg,  San  Francisco,  Cal. 

(Support  H  deaigiiM«d.    Chronometer  31T9.  ■Idere*!.) 


£51 


Pen- 

Posi- 

S«ing 
No 

Dale. 

Ob- 

Ten 

denci' 

s,.,„. 

Tem- 

Mano- 

Borom 

Pres- 
o"C. 

pera- 

!un>. 

IniliaJ 

Find. 

ture. 

■S91. 

Sttond,. 

^^ 

™™ 

=  C. 

mm. 

mm. 

Ai» 

D 

t 

July    8 

Mo, 

2  7o6'8 

4-65 

3-55 

13-68 

230-0 

754-5 

498-2 

D 

Mo. 

3  701-0 

4-6S 

3'4S 

14-04 

230-0 

754-7 

497-9 

R 

3 

Mo. 

J  693-0 

465 

350 

14-72 

234-7 

754-8 

492' 1 

R 

8 

Mo. 

a  674*5 

4'6o 

yi° 

1604 

226-7 

755-1 

497-8 

R 

8 

n 

Mo. 

2648-0 

4-6o 

345 

17.1 

222-7 

756-3 

Soo-8 

R 

Mo. 

*6i8-3 

4-45 

345 

W32 

756-2 

496-4 

D 

Mo. 

J66S-0 

4-70 

3-35 

■5-84 

220S 

755-4 

504-0 

D 

'3 

Mo. 

264S-0 

4-6o 

3'40 

17-43 

224-7 

7SS'= 

497-2 

R 

3° 

'4 

Mo. 

1660-5 

4-80 

370 

i6sf> 

221-S 

7S3-5 

500-3 

Alt 

D 

5 

8 

Mo. 

a  624-8 

470 

3-5° 

1S81 

222-2 

755-5 

497-4 

D 

6 

Mo. 

2618-5 

470 

3'45 

1947 

218-3 

755" 

499-S 

R 

7 

Mo. 

2644-0 

4-65 

3-45 

1662 

2277 

755-S 

496-3 

R 

9 

Mo. 

1607-7 

4-70 

3*40 

19-03 

220-3 

7564 

499-6 

D 

Mo. 

»  638-5 

4-65 

3-45 

1632 

222-7 

7S5'3 

501-3 

D 

"4 

Mo. 

3  607 '8 

470 

3-55 

1843 

214-7 

755' 

4954 

R 

39 

Mo. 

26638 

4-8S 

360 

1569 

231-7 

753-9 

492-5 

t  On  wuoileD  atud. 


552  n.  a.  coast  and  geodetic  subvey. 

TABLE  B— Continned. 
Seduction  of  Pendvlum  Obaervattont,  San  Franeitco,  OaL 

[F«rlodinda«dtol«npBratni«lS°C.,  pnMimSOOmB.BtOoC.,  an  Inflnllalj  imaU,  (idarad  tli 


Correctioni  (in  seventh  derimal  place). 

Pendu- 
lum, 

■T 

Period 

Period 
wnected. 

Tempt  r- 
aiure. 

Arc. 

Pressure. 

Rite. 

Ai 

■5009253 

— S9 

+  S4 

■5009137 

9*73 

-58 

9146 

9301 

+  " 

-134 

9137 

9365 

94S9 

—57 

-143 

9171 

9S30 

-55 

-219 

+3 

-  '35 

9114 

ti 

9398 

—  35 

—3 

—114 

9176 

-56 

+' 

3° 

9414 

-64 

0 

—"3 

9163 
■S«>9iS> 

A, 

5 

■5009548 

-59 

—"57 

+a 

-114 

■5009214 

9565 

-58 

-.84 

0 

7 

-58 

-67 

+3 

9213 

9 

9605 

~^l 

z^ 

—  54 

—140 

■4 

960s 

—141 

+3 

39 

9403 

-63 

+6 

-104 

9214 

■5009217 

Fendulum  Obsereations,  San  Francitco,  Oai. 
(Sappott  u  d««igiwtod.    Chnmomolo  HTI,  •IdenaL] 


Pen- 
du- 
lum. 

IW. 

Swing 
No. 

Date. 

Ob- 

Ten 
coinci- 
dence 
inlcrvuls 

Semi -arc. 

Tem- 
pera- 
ture. 

Mano- 
meter. 

Barom 
eter. 

Prei- 

lurent 
o»C. 

Initial. 

Final. 

,So. 

StCBHd!. 

mm 

niB 

"C. 

mm 

mm 

mm 

A,« 

U 

July  II 

Mo. 

4-6o 

.4-<x. 

3003.8 

3-45 

ifrSS 

2263 

71V8 

4959 

2  g7o-5 

4-.';o 

3-4S 

■9-S7 

2217 

7526 

493-2 

*7 

'4 

3043s 

3'SO 

14-71 

224^3 

7S4'4 

SOI  7 

A,-t 

D 

'S 

10 

Mo- 

29482 

4-70 

iS'oe 

2287 

2  9b8-o 

4-55 

3-35 

iH^ib 

226-7 

491-9 

14 

3  01  fro 

4-75 

3-45 

14-95 

laS^o 

7M-4 

500-6 

A," 

C 

21 

13 

Mo. 

347fro 

4-50 

3-'S 

l'i-64 

2297 

7535 

494-1 

»3 

3  392-0 

la-i, 

496-7 

14 

3448-2 

4.*o 

3-iS 

'4-79 

2240 

!54-4 

500-1 

A,,t 

D 

21 

»3 

Nfo. 

3438-8 

4-50 

1620 

4980 

'3 

'3 

3  395'8 

498-1 

as 

■3 

3  33S-0 

3-40 

19-17 

752-7 

4944 

EEPOBT    FOB   1B91 — PART    II. 

TABLB  B— Continned. 

Reduction  o/Pendulum  Obtervations,  San  Francisco,  Cal.   . 


■P"""« 

MM  mm.  Bt  0°  C,  arc  Inflnital;  smill,  (Iduwl  time.] 

Pendu- 
lum. 

Swing 

No. 

Period 
uncorrected. 

CorrecHons  (in  seventh  decimal  pUce). 

Period 

Are. 

Temper- 
ature. 

PresEUTC. 

Rate. 

A, 

27 

8337 

-S6 
— S7 

-6s 
—101 

+    12 

+3 
+3 
+5 

-151 

-129 

■50^34 
80S3 

8027 
8050 

■5008041 

A. 

8437 
8303 

-5S 
-S9 

-163 

+  2 

+7 

-165 

-'34 
-149 
-134 

■5008116 
8089 
Sioi 
81 II 

■5008104 

A, 

S 

■5007  aoa 
738. 
7361 

-S3 

-57 

-57 

-  26 
-130 

+  9 

+4 
+1 

—  81 
—118 
—"5 

■5007046 

7078 
7088 

•500707 » 

A| 

13 
25 

■50072S1 

750S 

—5' 

-58 
-59 

-176 

+! 

ti 

-66 
-99 
—120 

■5007117 
7130 
7IS7 

■5007135 

TABLE  B — ContiniiBd. 
Pendulum  Obaemationa,  St.  Paul  Island,  Alaslca. 

(Sapport,  Urga  block  of  wood.    Chronometer  2490,  muD  time] 


Pen. 
du- 
liun. 

Poii 
tion- 

s.,„. 

Date. 

Ob. 

Ten 

dence  in- 
tervals. 

Semi-arc 

Tern- 

Mano- 

Barom- 

Pres- 

Initiid 

Final. 

A, 
A, 
A. 

D 
D 

D 
D 

D 
D 

3 

4 

i 

.89.. 
Aug.  6 

6 
6 

7 
7 

M. 
H. 

M. 

M. 

H. 
M. 

2  7825 
2780-0 

a  457-2 
I4S5-0 

=  2425 
2244-0 

4^50 
4-40 

4-70 
4'6o 

4-85 
4'85 

3-3° 
3-30 

3-30 
3'40 

3'9S 
3-30 

'C. 
1190 

io-8t 
10-47 
io-ji 

12'IS 

mtn. 

mo 

Z4>-9 

234-7 
233*6 

2263 

229-0 

7s"» 
7S8-. 

756-9 

756-9 

7S6'0 
756-3 

493-6 

SOI -5 
503-!! 

508-8 
50J-8 

554  V  8.   COAST  AND   GEODETIC  SUEVEY. 

TABLE  B — Cod  tinned. 
Reduetion  of  Pendulum  Observations,  St.  Paul  Island,  AUiska, 

[PariodBradaeedto  t«mpcntat«lS°C.,  pr««aanUa  aim.  MO°C.,  *rc  luSnlMl;  uukll,  ilderaal  time.J 


Pendu- 
lum. 

Swing 
No. 

Period  uncorrected. 

Correclions  (in 

evenlh  decimal 
e). 

Period 

Mean  lime. 

Sidereal 

A„. 

Tern- 
peralure. 

Pres- 
sure. 

Rale. 

A, 

' 

■4991031 
1023 

■ns 

■-S3 

+  119 

+  128 

+  1 
+S 

+S8 

■5004821 
482; 

5004824 

A* 

3 

4 

■4989846 
9837 

■5003508 
3499 

-56 

-56 

+  '73 

+  187 

-^ 

+58 
+S» 

■5003682 
■        3684 

■5003684 

A, 

1 

■^''K 

■5002535 

2S43 

—68 
-58 

+  176 
+  117 

—7 
—3 

+58 
+58 

■5002694 
2657 

■5002676 

Pendulum  Observations,   Washington,  D.  C.  {Smithsonian  Institution) 

[Support,  brick  pier.    Cbrnnometer.  Segai  ISBt,  ildemL] 


Pen- 
du- 

Posi 

Swing 

Dale. 

Ob- 

Ten 
Minci- 

Sen.i-arc. 

Tem- 
pera- 

Mano- 

Batom 

Pres- 
sure Rl 

luuL, 

interrals 

Inilii] 

Final. 

'""" 

iSgr. 

Sttonds. 

nn 

'C. 

mm 

At 

I) 

Oct.  21 

F. 

2i6tS 

4-90 

r6s 

231-8 

T6VI 

4933 

U 

F. 

2f2o 

76S'S 

496-3 

rbo 

228.^ 

mo 

K 

4 

M. 

2  7670 

4'65 

T60 

21-67 

225-4 

76rS 

497-" 

K 

S 

It 

M. 

.7.7-. 

4^So 

3-SS 

2171 

MS'O 

7637 

497-3 

A, 

D 

6 

32 

F. 

4'8o 

3"  SO 

1100 

759-8 

496-3 

4,90 

4-B, 

rbo 

498-2 

K 

M. 

4-So 

3-.1S 

21-67 

76o'6 

497-6 

jr'70 

497-9 

" 

" 

3  ■4'8 

4-85 

3-45 

21-70 

22r2 

7to7 

498-0 

Ai 

n 

12 

33 

F. 

3  6aco 

4-B5 

335 

io^7o 

226-7 

764-1 

497-7 

I) 

F. 

36070 

763'8 

49S-9 

u 

"4 

3  604^0 

4'So 

3-50 

Ki-Si 

"34 

7t,V2 

4998 

475 

224-2 

^ll2■2 

497-7 

.762-5 

>7 

3i 

3S9"S 

4-60 

3^30 

11-40 

762'7 

499-6 

EEPOET  FOB  1891 — ^PAET  H. 
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TABLE  B— Continned. 


Beductian  of  Pendulum  Observationsj  Washington^  D.  0. 

{Smithaonia/n  Institution). 


[Periods  reduced  to  temperature  V5PC.,  pressure  { 

M)Om]n.  ftt  00 C,  arc  infinitely  small,  sidereal  time.] 

Corrections  (in  seventh  decimal  place.) 

Pendu- 
lum. 

Swing 
'    No. 

Period 
uncorrected. 

\ 

•              9 

Period 
corrected. 

Temper- 

Arc. 

Pressure. 

Rate. 

ature. 

» 

J. 

J. 

A, 

I 

•5009049 

-64 

—251 

+5 

4-34 

•5008773 

2 

9042 

—66 

—255 

4-3 

4-34 

8758 

3 

9038 

—61 

268 

+4 

4-40 

8753 

4 

9051 

60 

—275 

+2 

4-39 

8757 

5 

9051 

—61 

—277 

+2 

4-39 

8754 

•5008759 

A, 

6 

•5007938 

—60 

—247 

+3 

+33 

•5007667 

7 

7934 

—60 

—251 

4-2 

-h32 

7657 

8 

7956 

-63 

— 260 

+1 

4-32 

7666 

9 

7963 

-57 

—275 

4-2 

4-36 

7669 

lO 

7972 

-58 

—276 

4-2 

+39 

7679 

II 

7967 

—60 

—276 

4-2 

+40 

7673 

•5007668 

A, 

12 

•5006946 

—59 

—235 

4-2 

+52 

•5006706 

13 

6941 

—60 

-238 

4-1 

+56 

6700 

14 

6946 

—60 

— 240 

0 

+55 

6701 

15 

6964 

-58 

-251 

4-2 

+41 

6698 

i6 

6964 

-58 

-258 

4-1 

+35 

6684 

17 

6971 

-53 

— 264 

0 

+35 

6689 

•5006696 

U.  8.  COiST  AND  GEODETIC  8UBVET. 

TABLB  B— ContinnBd. 

Pendulum  Obserrations,  Hoboken,  N.  J. 


M«gu.l 

Pen- 
du- 
lum. 

Poi 

lion. 

Swing 
No. 

Dale. 

Ob- 

Ten 

denct  in- 
tervals. 

Semi  arc. 

Tern- 

Mbdo- 

Buom 
eler. 

l-res- 

Initial 

Final. 

pcra- 
lure. 

_ 

1S91. 

&i«ui,. 

mm 

mm 

'C. 

mm 

mm 

mm 

A, 

D 

t 

Nov..  J 

M. 

39  SJ-o 

4'Os 

3-35 

i8-o6 

238J 

771-6 

493-8 

D 

'3 

M. 

294S-0 

4-65 

3-35 

18-30 

2381 

7721 

499-1 

D 

3 

'3 

2941-2 

4-to 

340 

18-49 

jjS-o 

77*-6 

499-1 

R 

13 

M. 

i9jS-2 

4-60 

3'35 

18-69 

236-S 

772-9 

Soo-a 

R 

S 

'3 

M. 

J9  38-8 

470 

330 

18-76 

136-6 

772-9 

500-3 

R 

6 

14 

M. 

29  395 

4-8o 

3'40 

18-74 

136-6 

771-9 

Soo-4 

A, 

D 

7 

14 

S. 

33  9CVO 

4'6o 

yto 

iS-s6 

2367 

774-0 

Soi-7 

D 

8 

s. 

33«9-S 

47S 

3'5 

1849 

836-7 

774-4 

50a- 1 

D 

9 

>4 

s. 

33892 

4-65 

310 

18-46 

236-6 

774-7 

502-5 

R 

14 

s. 

33  84-a 

470 

3"S 

iS'46 

236-2 

775-' 

503-2 

R 

14 

s. 

33  H9S 

4-6S 

305 

18-46 

136-1 

775-' 

503-3 
50J-5 

R 

13 

"4 

s. 

33  8S'2 

470 

310 

(8-49 

23S-1 

774*6 

A. 

D 

'3 

U 

M. 

39  27'2 

4-SS 

*-9S 

18-49 

237-2 

773-0 

5">-3 

D 

14 

"4 

M. 

3920-5 

4-SS 

310 

.8-49 

,36-9 

773-4 

Soi-o 

D 

•5 

14 

M. 

39  19a 

4'55 

3-95 

1849 

2398 

7740 

498-9 

R 

16 

14 

S, 

39  '5-2 

470 

3-". 

18-49 

23?-5 

774-4 

5o>-4 

R 

'7 

"4 

S. 

39  '70 

470 

3-05 

18-49 

S3S-S 

7747 

503-S 

R 

■  S 

14 

s. 

39  W5 

46S 

3-00 

lS'46 

2400 

77S-3 

499-9 

REPOBT  FOB  1891 — ^PAET  O. 
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TABTiB-  B — Continued. 

Reduction  of  Pendulum  Observations^  HoboJcenj  N".  J. 

[Periods  reduced  to  temperature  15°  C,  pressure  500  mm.  at  (P  C,  arc  infinitely  amallf  sidereal  time.] 


Corrections  (in  seventh  decimal  place). 

Pendu- 
lum. 

Swing 
No. 

Period 
uncorrected. 

\ 

Period 
corrected. 

Temper- 

Arc. 

Pressure. 

Rate. 

ature. 

J. 

s. 

A, 

I 

•5008480 

-56 

— 126 

+  1 

-+-79 

•5008378 

2 

8503 

-56 

-136 

+  1 

+75 

8387 

3 

8515 

-56 

—144 

+  1 

+77 

8393 

4 

8523 

-56 

-152 

0 

+77 

8392 

5 

8521 

-56 

->55 

0 

+79 

8389 

6 

8519 

-59 

—154 

0 

-f8o 

8386 

•5008388 

A, 

7 

•5007386 

-53 

-147 

—.1 

+85 

•5007270 

8 

7386 

—55 

—144 

— 2 

-f88 

7273 

9 

7387 

-52 

-143 

— 2 

+  89 

7279 

10 

7398 

-54 

—143 

— 2 

+92 

7291 

II 

7386 

-51 

-143 

—2 

+94 

7284 

12 

7396 

—53 

—144 

—3 

+96 

7292 

•5007282 

A3 

13 

•5006374 

—49 

—  144 

0 

+9« 

•5006279 

14 

6385 

—51 

—144 

—I 

+92 

6281 

15 

6387 

—49 

—  144 

+  1 

+85 

•6280 

16 

6393 

—52 

—144 

—  I 

4- 80 

6276 

17 

6391 

-52 

—144 

—3 

+76 

6268 

18 

6385 

-51 

—  143 

0 

+76 

6267 

•5006275 

558 


U.  8.   COAST  AlO)   GEODETIC   SURVEY. 


TABLE  C. 


Summary  of  mean  periods  of  pendulums  A^  At,  and  A^  with  correction 
for  flexure  at  stations  where  wooden  stand  was  usedj  and  final  cor- 
rected periods. 


[Beduced  to  temperatore  1^  C. 

,  pressure 

500  mm.  at  00  C,  infinitesiiiua  arc,  sidereal  tim«.] 

Correc- 

Station. 

Periods 

,  uncorrected  for 
flexure. 

tion  for 
flexure  of 

wooden 

stand 
(seventh 

Final  corrected  periods. 

A, 

A« 

A, 

decimal 
place). 

A, 
s. 

A« 

A, 

s. 

s. 

s. 

s. 

X. 

I. 

Washington : 

March. 

.5008779 

5007667 

•5006702 

•5008779 

•5007667 

•5006702 

October. 

8759 

7668 

6696 

8759 

7668 

6696 

Mean. 

8769 

7668 

6699 

2. 

San  Francisco : 

April. 

9176 

8037 

7103 

9176 

8037 

7103 

July  (pier). 

9151 

8041 

7071 

9151 

8041 

7071 

July    (wooden 

stand). 
Mean. 

9227 

8104 

7135 

—68 

9159 
9162 

8036 
8038 

7067 
7080 

3- 

Port  Simpson. 

5459 

4258 

3286 

68 

5391 

4190 

3218 

4. 

Juneau. 

4686 

3542 

2635 

68 

4618 

3474 

2567 

5. 

Pyramid  Hartx>r. 

4537 

3342 

2386 

—68 

4469 

3274 

2318 

6. 

Yakutat  Bay. 

4471 

3338 

2358 

—68 

4403 

3270 

2290 

7- 

Sitka. 

4769 

3588 

26% 

4769 

3588 

2686 

8. 

WrangeU. 

5034 

3901 

3006 

-68 

4966 

3^33 

2938 

9- 

Burroughs  Bay : 

RQck. 

5291 

4091 

3186 

5291 

4091 

3186 

Wooden  stand. 
Mean. 

5243 

4082 

3760 

—68 

5175 
5233 

4014 
4052 

3192 
3189 

lO. 

Seattle. 

7210 

6109 

5133 

7210 

6109 

5133 

II. 

Mount  Hamilton. 

9902 

8836 

7882 

9902 

8836 

7882 

12. 

St.  Paul  Island. 

4824 

3684 

2676 

4824 

3684 

2676 

13- 

Hoboken. 

8388 

7282 

6275 

8388 

7282 

6275 

■-■  1 
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TABLE  D. 


Values  ofg  at  stations  of  1891y  derived  from  comparisons  of  mean  periods 
of  separate  pendulums  with  periods  at  Wa^hington^  D.  C. 

[Bued  on  value  ofg  at  Washington  assumed  to  be  980*1000  dynes.]       , 


San  Francisco,  Cal, 

Yakiitat  Bay,  Alaska. 

Seattle,  Wash. 

Ai                  979-9461 
A,                         9552 
A3                        -9507 

Ai                  981-8107 
A,                       -8239 
A,                        8289 

981-8212 

Ai                980-7105 
A,                      -7105 

As                     7137 

979-9507 

980-7116 

Port  Simpson,  Alaska. 

Sitka,  Alaska. 

Mount  Hamilton,  Cal, 

A,                  9814234 
A2                         4627 

A3                        -4645 

A,                  981-6675 
A,                        -6987 
A,                        6730 

Ai                9796564 
Aa                      -6430 

A3                      -6375 

981-4502 

9816797 

9796456 

Juneau^  Alaska. 

fVrangcll,  Alaska. 

St.  Paul  Island,  Alaska. 

A|                  9817267 

Aa                       7439 
As                       7200 

A,                  981-5902 
Aj                        -6029 

A3                       -5743 

Ai                981-6458 
A%                     -6611 
A3                     -6770 

981-6613 

9817302 

981-5891 

Pyramid  Harbor,  Alaska. 

Burroughs  Bay,  Alaska. 

Hoboken,  N.f. 

A,                  9817850 
A,                        -8225 
Aa                       -8180 

Ai                 9814852 
A3                       -5169 
Aa                       -4753 

Ai                980-2493 
A,                     -2511 
A3                     -2661 

981-8085 

981-4925 

980-2555 
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Results  of  observations  made  with  half-second  pendulums  at  stations 
in  the  United  States  and  British  Columbia,  from  March  to  November ^ 
1891. 

[Baaed  on  value  otg  at  Washington,  D.  C.  (Smithsonian  Institution),  assumed  to  be  9601000  dynes.) 


Station. 


Washington,  D.  C.  (Smithso- 
nian Institution). 

San  Francisco,  Cal. 

Seattle,  Wash. 

Mount  Hamilton,  Cal.  (Lick 
Observatory). 

Hoboken,  N.  J. 

Port  Simpson,  B.  C. 
Juneau,  Alaska. 
Pyiamid  Harbor,  Alaska. 
Yakutat  Bay,  Alaska. 
Sitka,  Alaska. 
Wrangell  Alaska. 
Burroughs  Bay,  Alaska. 
St.  Paul  Island  Alaska. 


Latitude 
(north). 


o      / 

3853 

37  47 
47  36 
37  20 

40  44 

54  34 

58  18 

59  10 
59  32 
57  03 

56  28 

55  59 

57  07 


Longitude 

Elevation 

(west  of 

above 

Green- 

mean sea 

wich). 

level. 

0     1 

Feet. 

77  02 

34 

122  26 

375 

122  20 

243 

121  39 

4205 

74  02 

35 

130  26 

>9 

"34  24 

16 

135  26 

15 

>39  48 

>3 

135  20 

28 

"32  23 

23 

131  16 

0 

170  19 

40 

at  station. 


Dynes. 
[980*1000] 

9799507 
980-7116 
9796456 

980-2555 

981*4502 
9817302 
981*8085 
981*8212 
981*6797 
981-5891 
981-4925 
981*6613 


reduced  to 
sea  level. 


Dynes. 
980*1020 

979.9727 
980-7258 
979*8920 

980-2576 

981*4513 
981*7311 

981*8094 

981*8220 

981*6813 

981*5904 

981*4925 
981-6636 


[The  reduction  of  ^  to  sea  level  is  made  by  use  of  formula  —  =  2-1  I  —    "tI*  '''^^*''*  h  is 

height  of  station  above  mean  sea  level,  r  is  radius  of  earth,  6  is  surface  density,  t^  is  mean 

6 
density  of  earth,  and  -r  is  assumed  to  be  one-half.} 


% 
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Reduction  of  values  of  g  to  sea  level  by  the  formula  ^  ~  o  Kl~^  -~\ 

g         r  \_       4  dj 

assuming  -5  =  5  a»d  comparison  with  g  as  derived  front  SelmerVs  for- 
mula I  =  0"-993S49  —  -002631  COS  3  ^p  [org  =  980-5934  -  3-5967  cot  3  p]. 


<P 

A 

Qinec- 

, 

Stalion. 

■.alilude 

Elcva- 

3 

tion 

'ZT 

lIcWrt'E 

f— f '" 

(north). 

tion. 

fori. 

rormula. 

Flet. 

Dynes. 

Washinglon. 

3S    S3 

34 

gSaiooo 

+•0020 

980- 1020 

9S00431 

+  ■0588 

San  Francisco. 

37    47 

375 

979-9507 

+■0320 

979.9737 

9799462 

+  0205 

Port  Simpson. 

54     34 

'9 

981-4502 

+■001 1 

98' -4513 

981-4445 

-t--oo68 

Juneau. 

53     IS 

16 

9817302 

+■0009 

9SI7J1I 

981  ■7561 

-■0350 

Pyramid  Hafbor. 

5')    10 

IS 

gSrSoSs 

+■0009 

981-8094 

981-8258 

--0164 

Vakulal  Bay. 

55     3' 

"3 

581-82.2 

+■0008 

981-8220 

981-8549 

-0319 

Silka. 

57     03 

28 

9S1-6797 

+'0016 

981-6813 

9816537 

+■0276 

56     2S 

*3 

981-58.11 

+  0013 

981.5904 

981.6052 

--0148 

SS    59 

981-4925 

981-4915 

981-S647 

—  0722 

Seallle. 

47   y> 

243 

9807116 

+-OI42 

980-7258 

980-8287 

— -[029 

Mounl  Hamillon. 

37     '0 

4J05 

9796456 

+■2464 

979-8910 

979-9067 

-■0147 

S(.  Ptul  hlEind. 

S7    07 

40 

9Sr66;3 

+■0023 

98  .■6636 

9816592 

-f-0044 

Hobokcn. 

40    44 

35  ,9So-255s 

+•0021 

980-2576 

980-2081 

+■■0495 
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Transfer  of  base  station  from  the  Smithsonian  Institution  to  the  Office  of 

the  Coast  and  Geodetic  Survey. 

The  room  in  the  Smithsonian  Institution  which,  tlirou^h  the  kind- 
ness of  the  Secretary,  has  been,  from  the  beginning  of  tlie  pendnhim 
operations  of  tlie  Survey,  the  '^  base  station  "  of  all  of  its  gravity  work, 
is  for  several  reasons  not  well  suited  for  this  purpose.  The  principal 
difficulty  was  the  sensible  vibratory  movement  of  the  piers,  due  to  the 
passage  of  carriages  or  wagons  over  the  roadway  which  passes  very 
near  the  corner  of  the  pendulum  room.  Experiment  having  shown 
that  good  stability  combined  with  evenness  of  temperature  could  be 
obtained  in  one  of  the  lowest  basement  rooms  of  the  Office  of  the  Sur- 
vey, it  was  determined  to  make  this  the  base  station  for  the  future. 
The  room  was  fitted  up  esi)ecially  for  the  work,  with  a  double-walled 
chamber  within  the  outer  walls  of  the  room,  in  which  two  large  piers 
were  built.  Openings  through  the  walls  were  provided,  so  that  if  nec- 
essary four  pendulums  could  be  swung  at  one  time,  the  observers  with 
chronometers,  flash  apparatus,  etc.,  being  outside  of  the  pendulum 
chamber. 

The  distance  between  the  two  stations  being  almost  exactly  a  mile, 
one  being  nearly  due  west  of  the  other,  and  the  difference  of  elevation 
being  only  a  few  feet,  it  might  have  been  assumed  with  safety  that  the 
force  of  gravity  would  be  sensibly  the  same,  and  the  vibration  periods 
i)f  the  pendulums  at  the  Smithsonian  might  have  been  accepted  as  cor- 
rect for  the  Office  of  the  Survey.  It  was  considered  best,  however,  to 
make  an  actual  comparison  of  gravity  at  the  two  points,  and  to  do  this 
by  the  method  of  telegraphic  comi)arison  described  in  this  volume. 
The  arrangement  of  the  telegraphic  connection  was  essentially  that 
shown  on  page  529.  The  pendulums  comimred  were  Bi,  which  is  one  of 
the  set  used  in  Honolulu  by  Mr.  Preston,  and  which  carries  a  knife- 
edge,  and  Aij  which  is  one  of  the  latest  form,  bearing  a  plane  instead 
of  a  knife-edge,  the  latter  being  attached  to  the  support.  The  observ- 
ers were  Mr.  Putnam,  Subassistant,  and  Mr.  von  der  Trenck,  acting 
aid.  The  full  report  of  this  interesting  work,  with  details,  will  bo 
printed  in  the  Report  for  1892,  but  it  is  desirable  to  anticipate  that  by 
a  presentation  of  the  results  at  this  time. 

Sets  of  vibrations  were  made  under  three  diflerent  conditions:  First, 
with  lK)th  pendulums  at  the  Office;  secumd,  with  A4  at  the  Office  and 
H]  at  the  Smithsonian  Institution;  third,  with  A4  at  the  Smithsonian 
Institution  and  Bi  at  the  Office.  By  combining  these  three  sets  in 
thre<5  ways  the  excess  of  the  i)eriod  at  the  Office  was  found  to  be  as 
follows : 

Sccond$, 
Comlnning   land    II,  (KKKHKKMi 

Combiiiiug    I  and  III,  •00(KH)042 

Combining  II  and  III,  00000054 

Moou  oxcossy  'OOOOOO94 
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From  this,  the  oxeosa  of  pjavity  at  the  Smithsoniaii  Institiition  ovei 
that  at  the  Oftli'c  is  fouud  to  bo  O-OOlil  dyne.  The  elevation  of  the 
peiiduhiin  at  the  OHice  is  nearly  live  metres  greater  than  that  at  tho 
Smithsonian  Institution. 

In  the  exeeution  of  this  comparison  thirty-one  st'parate  simultaneous 
swings  of  the  two  i>enduluins  were  made,  e^icli  swing  lasting  a  little 
more  than  an  hour.  The  agreement  among  the  results  was  mo.st  grati- 
fying. The  most  discordant  result  dittbnHl  from  the  mean  by  less  than 
one  part  in  one  million,  and  for  the  excess  of  i)eriod  at  tht»  Otliee  of  the 
Survey  the  most  discordant  value  differs  from  the  mean  by  only  one 
part  in  two  and  a  half  millions.  This  i)romises  a  degree  of  accuracy 
in  dificreutial  gravity  work  exceeding  anything  hitherto  attained. 


UNITED  STATES  COAST  AND  GEODETIC  SURVEY 


APPENDIX  No.  16-REPOET  FOE  1891-PAET  H 


PROCEEDINGS  OF  THE  TOPOGRAPHICAL  CONFERENCE  HELD 
AT  WASHINGTON,  D.  C,  JANUARY  18  TO  MARCH  7,  1892 


6G5 


/ 


Appendix  No.  16— Report  for  1892. 
procekiilnua  of  tiik  topographical  conference. 


CONTENTS. 


Pago. 

The  Report 569-681 

Committees 570,571 

Summary  of  the  gtatemeiit«  of  the  Superiiiteiidciit 571, 572 

ClasBitication  of  Topography  of  the  United  States 572, 573 

Merits  ami  Defects  of  Topographical  1  nstrumen ts 573, 574 

Classitication  of  Topographical  Field  Work 574, 575 

Instrumental  Methods  and  Approximate  Cost  per  square  mile  of  Tri- 

angulation  and  Topography 574 

Methods  of  United  States  and  Foreign  Governmt*nt  Surveys 575 

Photogrammetry  and  Methods  of  Balloon  Surveying 575, 576 

Uniformity  in  tho  use  of  Conventional  signs '    576 

Methods  by  which  work  maybe  rendered  more  rapid  and  less  ex- 
pensive   576, 577 

Definition  of  Topographical  Reconnaissance 677 

Conference  with  Officers  of  the  (ieological  Survey 577-679 

Methods  of  making  Topographical  Surveys  employed  on  the  North- 
eastern Division  of  the  U.  S.  Geological  Survey 579 

Principal  Conclusions  reached  by  the  C<mfen'nce 579, 580 

Empirical  formula  for  the  computation  of  heights  with  the  same 

unit  for  distances  and  heights 581 

The  Tachy meter  and  Tachygra])hometer 581 

Illustration  of  the  power  of  different  scales  for  delineating  topo- 
graphical features 681 

SUPPLEMENTS. 
A. — Letters  from — 

George  Davidson 682-586 

H.L.Marindin 686.687 

J.J.Gilbert 687,588 

F.W.Perkins 689-591 

E.  P.Dickins 591 

W.LVinal 592,593 

Fremont  Morse 693,594 

Charles  Junken 594 

A.Lindenkohl 594-609 

F.C.Donu 609.610 

B. — The  Topography  of  the  Coast  and  Geodetic  Survey,  with  relation  to  its 
Birth,  Development,  and  further  possible  Differentiation,  with  a  con- 
tribution thereto  of  a  Description  of  a  Practicable  MetluHl  of  lialloou 

Surveying,  by  Mr.  K.  M.  Bache 611-621 

C— Report  of  the  Committee  on  the  Classification  of  the  United  States  for 

Topographical  Work ^®£^-ssi>^ 


568  CONTENTS. 


D. — Report  of  the  CoDimitteo  on  Merits  and  Defects  of  Topographical  Instra- 

ments 625-630 

£. — Kules  adopted  by  the  Conference  to  govern  Topographical  Surveys  in 

the  several  Typical  Kegiuus  considered 631-G40 

F. — Report  of  the  Committees  on  Instrumental  Methods  relative  to  cost  of 

Surveys,  etc 641-647 

G. — Facts  and  PosHibilities  in  Topographic  M-ork,  by  Mr.  A.  F.  Rodgers ....  6I8-60I 

H. — Scales  of  'i  opograpliical  Surveys  of  European  Govemmeuts 651, 652 

I. — Report  of  the  Committee  on  motho<is  of  Uuited  States  and  Foreign  Gov- 
ernment Surveys  652-705 

Critical  Surveys  for  Special  Purposes 653-655 

Methods  of  Topography  in  the  United  States 656-663 

Topographical  Methods  of  the  IT.  S.  Coa^t  and  Geodetic  Survey 663-669 

Notes  on  Topographic  Surveys  in — 

Italy 66^-671 

England 671,672 

France 673-675 

Germany 675-682 

Austria 682,683 

Switz«'rland 683,684 

Extracts  frum  tlie  Keport  on  European  Topograpbit'al  Ma])8  by  General 
Derr^^cagaix  to  the  Jnternational  Geographic  Congress,  188^,  as  follows: 

Belgium 685 

Denmark 685,686 

Holland 686 

Portugal 686 

Roumania 686,687 

Russia 687,688 

Spain  688,689 

Sweden  ami  Norway 689,690 

Conclusions  of  General  Derr^^cagaix 690 

PhotoKrammetry,  a  short  historical  review  of  French  and  German  Sur- 
veys, by  .1.  A.Flemer 690-705 

Report  of  Committ-ee  on  Balloon  Surveying 705,706 

J. — Plates  of  Conventional  Signs 706 

K. — Letter  from  Mr.  Henry  Gannett,  Chief  Topographer  of  the  IT.  S.  Geo- 
logical Survey,  describing  the  methods  employed  on  that  work 707-710 

Comments  on  Mr.  Gannott's  letter  by  Mr.  H.  G.  Ogden 710-714 

L. — Empirical  fonuula  for  tlie  Computation  of  Heights,  by  Mr.  W.  C.  Hodg- 

kins 714,715 

M. — A  Treatise  on  the  Wagner  Tachynu*ter  and  Tachygraphometer 716-745 

N. — Plate  illustrating  the  power  of  ditl'ercnt  scales  for  the  delineation  of 

Topographical  features 74$ 


APPENDIX  NO.  16—1891. 


REPORT  OF  THE  TOPOGRAPHICAL  CONFERENCE,  CONVENED  AT  WASH- 
INGTON  BY  DIRECTION  OF  THE  SUPERINTENDENT  IN  JANUARY,  1892. 


Tlie  members  of  the  Topographical  Conference,  convened  under  in- 
stractions  of  the  Superintendent  of  the  0  oast,  and  Geodetic  Survey, 
present  the  following  report  of  their  proceedings  and  submit  a  series 
of  appended  papers  embodying  the  facts  and  reasons  which  have 
governed  them  in  forming  opinions  and  coming  to  conclusions  on  the 
subjects  referred  to  them. 

The  Conference  met  at  the  Office  of  the  Survey  in  Washington,  on 
January  18, 1892,  and  held  daily  sessions  after  that  date  up  to  March 
7,  during  which  time  the  subjects  assigned  to  committee  investigation 
and  discussed  in  Conference  have  received  consideration  and  have  been 
acted  upon  with  careful  deliberation. 

Before  taking  up  special  questions,  however,  it  seems  important  to 
consider  the  subject  of  surveys  in  the  abstract,  and  not  to  lose  sight  of 
the  fact  that  the  business  of  making  and  extending  them  over  large 
areas  of  territory  is  not  one  in  the  general  market  of  professional  com- 
petition, and  is  work  seldom  undertaken  except  under  National  or 
State  auspices.  Even  in  the  most  general  way  it  is  an  operation  of 
much  magnitude  to  go  over  the  ground  of  a  large  territory.  The 
question  of  opportunity  becomes,  therefore,  an  important  factor  in 
determining  what  shall  be  the  scope  and  character  of  a  survey.  This 
is  apart  from  the  question  of  "Si)ecial  Purpose,"  discussed  more  fully 
elsewhere  in  this  report. 

The  term  "  cheap  survey,"  unless  specially  defined,  is  a  misleading 
one  to  the  general  public.  There  are,  of  course,  in  topographical 
surveys  and  their  resultiiig  maps,  as  in  other  works,  degrees  of  value. 
The  eiiterprises  of  the  day  call  for  reliable  information  on  all  practical 
subjects;  and  topographical  surveys  and  maps  that  do  not  meet  these 
public  requirements  fail  in  a  respect  which  is  becoming  more  and  more 
important  in  the  economy  of  modern  improvements.  A  small  perceu^- 
ageof  increased  expenditure  of  time  and  me^nSy  while  an  the  grow^^^ 
would  secure  such  results  as  the  true  elevation  o^  v\sl>^\^axi^»\*i^«-^"^ 
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[K>rjdJ9  in  tlH-:r  relation  to  tbe  a'ljaoent  ooantiy,  and  the  descending 
p-a/Ie.s  of  .<*tn^rrui  p'l^'^ibly  availnble  f<ir  manafactoring  power  aAd 
other  irj';i<lerjC;il  p'lrjio.sfts  of  utility.  Bat  where  only  a  picture  of 
fiatnre  u  attempted,  and  that  bat  cradely.  and  where  the  scale  of  its 
representation  i-t  8o  sniall  that  nothing:  very  definite  can  be  shown,  the 
undertaking;  of  srjch  a  pnjject  be^rornes  one  of  qacstionable  economy 
2ifHl  ex|f«^lienr:y.  unless  it  be  of  i^jmn  unexplored  or  comparatively 
vahiele.s^  re^^iou.  or  for  the  puriio?$e  of  merely  geographical  maps. 

Tkie  Omf^renr:^^  de.Hire.4  to  expre.s.s  emphatic  disapproval  of  any 
fty:-^tenj  of  field  work  which  permits  ill  iLst  rat  ions  beyond  the  snpervisioa 
of  the  t^jjK^grapher,  and  by  which  imi>erfect  and  inaccarate  represen- 
tationn  of  features  pnifes.sed  to  be  indicated  are  incorporated  with  its 
r^^sultH  as  determinations.  Xo  sach  work  shoald  be  regarded  or 
iu:i'A:pte*l  by  the  prr>fession  as  a  legitimate  topographical  survey;  nor 
by  those  who  n:^:ogiiize  the  im[K>rtance  of  what,  in  the  more  highly  de- 
velofied  countries  of  Europe,  is  considerefl  an  absolute  necessity,  viz, 
the  surveying  and  mapping,  with  trustworthy  accuracy,  the  public 
domain. 

The  members  of  the  Conference  were  Assistants  Henry  L.  Whiting, 
K.  M.  Ba4;he,  Augustus  F.  Bod gers,  W.  II.  Dennis,  Cleveland  Rock- 
well, John  W.  Donn,  C.  T.  lardella,  Herbert  G.  Ogden,  D.  B.  Wain- 
wright,  W.  C.  Ilodgkins,  and  J.  A.  Flemer. 

Through  answers  to  a  circular  letter  of  invitation  from  the  Con- 
ferenr^e  U)  contribute  views  on  topographical  matters,  the  foUowing 
named  assistants  of  the  Survey  became  to  that  extent  its  coadjutors: 
Messrs.  Oeorge  Davidson,  H.  L.  Marindin,  J.  J.  Gilbert,  F.  W.  Per- 
kins, E.  F.  Dirkins,  W.  I.  Vinal,  and  Fremont  Morse.  To  these,  as 
having  also  sent  answers  to  the  same  circular  letter,  may  be  added 
Messrs.  Cliarles  Juiiken,  A.  Lindeukohl,  and  F.  C.  Donu,  draughts- 
men in  the  Ofliee  of  the  Survey.    For  these  letters  see  Supplement  A. 

Tlie  following  abstract  of  the  proceedings  of  the  Conference  records 
tli(;m,  as  far  as  [)ossib1e,  in  the  order  in  which  they  occurred. 

The  TojK)graphi(;a1  Conference  having  been  called  to  order  on 
January  18, 184^15,  with  the  Superintendent  of  the  Survey,  Dn  T.  C.  Men- 
denliall,  in  the  chair,  he  suggested  some  of  the  topics  which  he  wished 
dis(;uss(»d  by  the  Conference. 

Tlie  Superint(5ii(l(ait,  upon  the  close  of  his  address,  designated  Mr. 
Ifenry  L.  Wliiting  jus  chairman  of  the  Conference,  and  Mr.  J.  A. 
Mejner  fis  s(»cretary.  The  Conference  itself,  later  in  the  proceedings, 
apf>oint<Mi  Mr.  Augustus  F.  Bodgers,  chairman  of  the  committee  of  the 
whole. 

Tlie  duties  of  the  Topographical  Conference  gradually  found  their 
preliminary  place  in  the  work  of  the  following  committees,  the 
n»Hp(»(5tive  resolutions  as  to  whoso  guidance,  coupled  with  the  results 
n*a<'he(l  and  pn^sented  in  eai'.h  case  to  the  (Conference,  will  be  subse- 
quently dealt  with. 
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COMMITTEES  OF  THE  TOPOGRAPHICAL  CONFERENCE, 

(1)  Classification  of  topography  of  the  United  States — Messrs.  Og- 
(len,  Bache,^nd  Donn. 

(2)  Merits  and  defects  of  topographical  instruments — Messrs.  Eodg- 
ers,  Donn,  and  Ogden. 

(3)  Classificiition  of  ^topographical  field-work — Committee  of  the 
Wliole. 

(4)  Methods  of  United  States  and  Foreign  Government  surveys — 
Messrs.  Dennis,  Donn,  Wainwright,  Hodgkius,  and  Flemer. 

(5)  Uniformity  in  conventional  signs — Messrs.  Dennis,  Bache^  Bock- 
well,  Donn,  and  Flemer. 

(6)  Section  4,  Superintendent's  suggestions — Committee  of  the 
Wliole. 

(7)  On  rules  to  govern  the  topographical  surveys  m  tlie  difTerent 
typical  sections  considered — Messrs.  Bockwell,  Wainwright,  and 
Ilodgkins, 

(8)  Definition  of  topographical  reconnaissance — Messrs.  Ogden, 
Bache,  and  Donn. 

The  above  list  does  not  represent  the  order  of  resolutions  by  which 
committees  were  appointed,  some  resolutions  not  necessitating  the 
formation  of  committees  and  other  resolutions  producing  only  tran- 
sient ones. 

Mention  of  certain  committees  is  properly  omitted  from  the  list 
because  their  work  was  merely  preparatory.  Such  are:  The  original 
No.  7  resolution  and  committee  on  rules  and  order  of  business — Messrs. 
Rodgers,  Wainwright,  and  Hodgkins;  the  original  No.  16  resolution 
and  committee  on  list  of  topographers — ^Messrs.  lardella  and  Wain- 
wright, and  the  original  No.  19  resolution  and  committee  on  printing 
and  typewriting — ^Messrs.  Bache,  Wainwright,  and  Hodgkins.  These 
committees  msi»y  evidently,  for  the  reason  assigned,  be  left  out  of 
consideration  on  a  list  of  those  including  more  permanent  duty  in 
connection  with  the  Toi)ographical  Conference. 

There  is,  however,  a  notable  exception  to  this  rule  of  excluding 
mention  of  committee  work  which  has  been  merely  preparatory,  and 
that  is  to  be  found  in  the  original  No.  3  resolution  and  committee  "On 
the  Superintendent's  suggestions,"  Messrs.  Donn,  Dennis,  and  Flemer. 

This  committee  formulated,  more  precisely  than  they  had  at  first 
been  set  down,  the  statements  of  the  Superintendent  in  his  opening 
address  before  the  Topographical  Conference.  Upon  that  precision  de- 
pended the  worth  of  the  results  obtainable  by  the  Conference  through 
discussion.  It  thus  becomes  necessary  to  mention  here  not  only  the 
work  of  that  committee,  but  to  add  the  following  summary  of  the 
statements  of  the  Superintendent^  as  x>r<^s^iited  by  the  committee  to 
the  Conference. 
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SUGGEMTlnSS  IIY  TIIK  Ml'l'KKlSTKXimST  OF  TUIMCS  FOE  mSCUSSION 

(1)  Ui-vie»-  tlit^  iire!«!iit  staU'  nl'  Ilir  wiii-iieit  jiiid  urt  of  t^gwgnipby,  in 

vliKliiij:  tlic  itivv.stii;atioii  of  woi-k  doim  in  uur  uwu  (H>iuitry — 
(it)  ISy  tin;  <  ](iviTiimi«iit. 
C*)  'V  I'rivatv  iiiilividiiiilH. 
Also  till-  niiii-c  I'lTctit  iiilvititi-fs  ill  mot  In  id  a  or  iinprovcniRDts  ii 
JMstniilit'iits  in  otlifi-  roll II hit's. 

(2)  Cliissillciitiiin  or  ;;ra(lalii>ii  of  toi>ii;;nii)liti-al  surveys  and  the  desif 

nation  of  MUfli  rlanm-!*  to  ;;raiU's,  sn  tliiit  tlic  cliantvter  of  auj 
piM-f  of  work  may  Ik-  i-x])n'«si'd  wiHi  rcititoiiabiB  luvurai'y  by  t 
siii;;l(^  word,  It-ttcr,  or  donomiitatioii.  Tliis  will  include  a  ilia 
(;ri  tail  lilt  ion  bt-twffii  a  sinviy  and  a  itniuiiiiaissaiicv. 
(.1)  Tlio  <>shiblisli]n<-iU  of  niiiliaaiily  in  tliv  am-  of  i-onvt'atioDal  Ri^iii 
and  tlio  iinL'.  of  contours  tlir  tin'!  mpreKcntatioa  of  L-lianu.-.teriMt!i 

ft'lltUlTII. 

(4)  Methods  liy  which  work  may  l>c  rendered  more  rapid  and  less  ex 

pensive,  without  inatcrLil  loss  of  accuracy,  and  methodH  foi 

clitsap  t(ipiit:raphy,  stHriirin;;   the  lii;;lifst   accuracy  attaiuabli 

with  tliu  luast  expenditure  of  time  and  of  a  given  sum  uf  money 

On  January  11>,  at  the  tu'vond  session  of  the  Ouiiferenee,  Mr.  Bachi 

i-ead,  l)y  its  ifiqnest,  at  the  instance  of  Mi'.  Ogdcn,  a  paper  reganlet 

by  the  Conference  as  relevant'  to  th«  hust  ijiioteil  suggestioii  of  tlu 

Biiperinteudent.    This  paiHjr  wiis  entitled  "The  Toimgraphy  of  tin 

Coast  and  Geodetic  .Survey,  with  relation  to  its  Biith,  Develojmienr 

and  further  pnsxiMi^  Ditfei'cntiation,  with  a  Contribation  tlK>rcti>  of  i 

l>eseri|itiou  of  a  PiiM:ticable  Method   of  Halloou  Sarvejing."     Tliii 

paper  is  tfiven  in  full  as  Supplement  B. 

We  may  now,  to  advantage,  proceed  to  the  consideration,  in  rcgnliv 
order,  of  the  subjects  contained  in  the  priH-e<ling  list  of  committees 
for  idthtmgli  the  oi-der  of  reports  and  discharges  of  eotmnitU'OS  doei 
not  net.'essarily  conform  to  tliat  oi-der.  tlic  fact  is  of  no  moment  to  tb« 
cleiU'pn'seMt:itionandeom]irch(^nsioiiof  the  varionsi|uestioiis  involved 
Similarly,  thu  interpolation  by  the  Superintendent  of  other  matter  foi 
consideration,  during  the  course  of  the  work  of  the  previously  uieu 
tioued  committees,  does  not  interfere  witli  nor  obscure  the  stateiueut  o: 
their  resnlts. 

ABSTRACTS  OK  TIIK  RllI'OKTS  OF  THU  COMMITTEF.S. 

mitlee  Xo.  1. — Classiticatiim  of  to}H>grapliy  of  the  United  States.— 
OgdiMt,  itache,  and  Donn. 
itlon  prasenteil  by  Mr.  Ogden,  itndei-  wlitcli   the  comiuitt«< 

the  Clininuan  aiij)ouit  a  caiiiiiiJItuu  uf  tlin-i:  t<i  it;|ic)rt  to  tbc  Uoufetvuce  i 
ot  tlie  UuiteU  Stutes,  to  be  uned  aa  iinilii  in  liirai'ilbiut;  tupugrapbica 
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AhstraeU  of  the  reports  of  the  committees. 

The  committee  liaving,  first  of  all,  divided  the  whole  area  of  the 
United  States  into  two  sections — the  coast  and  the  interior — then 
selected  in  each  of  these,  eight  typical  solutions  susceptible,  in  a  general 
way,  of  independent  topographical  treatment,  considering  the  respec- 
tive types  and  the  character  and  amount  of  cultural  detail ;  these  two 
elements  together  properly  indicating  approximate  scale  for  surveys 
and  their  approximate  cost  per  square  mile  for  particular  regions,  and 
reix)rted  the  following  classification : 

CoiMt, — St.  Croix  River  to  Delaware  Bay  (New  England  System) ;  Delaware  Bay 
to  Winyab  Bay  (Bay  System);  Winyah  Bay  to  St.  Johns  River  (Bay  System);  Mis- 
sissippi Delta  (Delta  System);  Texas  (Texas  System);  Southern  California  (Pacific 
Coast  System) ;  Northern  California  (Pacific  Coast  System) ;  Oregon  and  Washing- 
ton (Pacific  Coast  System). 

Interior. — Rolling  lands,  like  New  England,  etc.  (Primary  System) ;  Flat  lands, 
like  Southern  New  Jersey,  Delaware,  etc.  (Coastal  Plain  System) ;  Prairie  lands,  like 
Ohio,  Indiana,  and  Illinois  (Prairie  System) ;  Great  Plains  of  the  West  (Great  Plain 
System) ;  Platean  Regions  of  Kentucky  and  Tennessee  (Plateau  System) ;  Appala- 
chian Mountains  (Appalachian  System) ;  Rocky  Mountains  (Rocky  Mountain  System) ; 
Sierra  Nevada  Mountains  (Southern  half.  Rocky  Mouutain  System ;  northern  half, 
including  the  Cascade  Range,  Apalachian  System). 

The  report  from  which  the  above  is  taken  will  be  found  in  Supple- 
ment C. 

Upon  this  Committee,  No.  1,  was  also  imposed  the  duty  of  reporting 
upon  instrumental  methods  and  cost  of  surveys  per  square  mile  re- 
ferred to  hereinafter  under  Comniittce  No.  3. 

Committee  No.  2. — Merits  and  defects  of  tojwgraphical  instruments — 
Messrs.  Rodgers,  Donn,  and  Ogden. 

Kesolutioii  presented  by  Mr.  llodgers,  under  which  the  Committee 
acted : 

That  the  chairman  appoint  a  committee  to  examine  and  report  upon  merits 
and  defects  of  instruments  in  use,  and  to  suf^gcst  improvements,  if  any  are  deemed 
necessary,  to  make  to])ographical  instruments  more  portable  and  effective. 

The  appointment  of  this  committee  led  at  once  to  a  thorough  exami- 
nation of  the  topographical  instruments  of  the  Coast  and  Geodetic 
Survey  by  the  members  of  the  committee,  and  to  an  informal  visit  by 
them,  for  the  puri)ose  of  examining  such  instruments,  to  the  OflSce  of 
the  Geological  Survey. 

The  report  of  the  committee  indicated  the  advisability  of  essaying, 
in  the  interests  of  portability,  the  introduction  of  the  so-called  aluminum 
bronze  in  the  manuOicture  of  topographical  instruments. 

Various  possible  improvements  were  suggested  by  the  committee 
with  reference  to  the  movement  of  the  plane  table  and  to  the  alidade. 
It  expressed  the  desirability  of  placing  the  vertical  arc  of  the  alidade 
in  a  different  quadrant  of  the  circle  from  that  which  it  occupies  at 
present,  with  the  graduation  on  the  edge  of  the  arc,  so  that  in  the  ordi- 
nary position  of  the  observer,  aligned  with  the  toX'^^^JW^^  \»S^^^^i^ 
eyepiece,  he  can,  without  moving,  read  the  gradixaXXwi  ^^^Xiafc  ^«s^ 
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The  committ^o  also  recommended  tliat,  ia  addition  to  the  hbueI  hori- 
zontal lines  in  the  alidade  telescope  for  telemeter  me^wurenieiita,  two 
intermediate  half  lines  be  introduced  on  enoh  side  of  the  middle  line 
for  the  purpose  uf  enabling  the  observer  to  dunble  the  distance  of  de- 
termination. It  makes  mention  of  the  boat  telemeter,  of  Mr.  Bwbe's 
invention,  used  for  submerged  shores  of  sinlge  gmss,  etc.;  also  of  the 
aneroid  bannneter,  of  latest  construction,  for  mountain  work;  of  the 
diutaiico  meaoiu'e  of  Oertol  &  Son;  of  the  odometer,  for  sm all  scale 
work,  if  a  reliable  form  can  be  found;  of  the  tachygraphometer,  if 
found  available  u;K)n  careful  experiment;  of  the  Meissuer  level,  and  of 
an  automatic  gravTty  level,  if  a  satisfactury  form  can  l>e  devised. 

The  committee  recommended  that  the  Sujierintendent  be  requested 
to  appoint  a  committee  of  otticers  of  field  osiierienco  to  determine  upon 
the  best  kind  of  paper  for  field  work,  and  the  best  adhesive  substance, 
woven  fabric,  and  methods  in  connection  with  backing  pla4e-table 
sheets. 

The  investigationEi  of  the  c'ommitfei>  were  directed  to  the  employ- 
ment of  an  alloy  of  aluminum  solely  with  the  \icw  of  securing  light 
neus  and  portability. 

A  supplemental  report  of  the  conmiiitee,  however,  states  that 
aluminum  would  not  be  suitable  ibr  the  rules  of  alidades.  The  full 
report  of  the  committee  is  given  in  Supplement  B. 

Committee  No.  3. — Classification  of  topographical  field  work — com- 
mittee of  the  whole. 

Kesolution,  presented  by  Mr.  Ogden,  under  which  the  committee 
acted: 

That  a  report  to  the  Confomnri>  upon  a  detailed  dnHNitipBtion  of  b>poKTaphical 
field  wnrk,  to  be  baaed  npnn  the  previoimly  nupertaiiieil  rolntions  'by  the  coniniit- 
t«e  appointed  for  the  piirpoRp)  of  the  rcliitive  iliRlriilMi?*  of  diflttrent  rej>ionHol' tho 
United  States,  he  prepared  b;  the  committee  of  the  whole. 

This  question  was  afterwards  considere^l  by  two  committees,  MoRsrs. 
Rockwell,  Wainwright,  and  Ilodgkins  forming  one,  and  Messrs.  Ogden 
Bache,  and  Bonn  tho  other. 

The  first  of  these  committees  is  known  as  that  "  on  rules  to  govero 
topographical  surveys  in  the  different  typical  sections  considered." 

The  second  was  Committee  (as  per  preceding  list)  Xo.  1,  which  con- 
sidered the  subject  of  "Instrumental  Methods  and  relative  Cost  of 
surveys  per  square  mile,"  under  the  resolution  of  Mr.  Bache,  as  follows : 
That  a  committee  he  appointed  to  report  on  iastiDmental  niethods  by  meana  of 
irhiRfa  e^n  be  produced,  with  the  necessary  trigonometrical  baaiB,  topography  of 
tho  greatest  accuracy  compatible  with  a  very  limited  expense  of  time  and  money, 
and  to  estimate,  with  reference  to  diSereot  typea  of  coantry,  aMuming  a  scale  for 
each  of  ttieie  types,  the  relative  cost  per  square  mile  (of  specifio  type  and  scale)  of 
tbe  aforesaid  triangnlation  and  topography. 

Under  the  aaspices  of  the  committee  of  the  whole,  sitting  on  the 
question  of  classification  of  topographical  field  work,  iilso  appears  a 
statement  of  "Scales  of  Topographical  Surveys  of  Europe  and 
America." 
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Abstracts  of  the  reports  of  the  committees. 

A  paper  presented  by  Mr.  Kmlgers  was  entitled  "Facts  and  Possi- 
bilities in  Topographical  Work." 

(For  Mr.  Koekwell's  report  from  the  first  committee,  as  finally 
adopted  by  the  Conference,  see  Supplement  E.) 

(For  Mr.  Donnas  report,  acting  as  secretary  for  the  second  commit- 
tee, see  Supplement  F.) 

(For  the  paper  by  Mr.  Eodgers  see  Supi)lement  G.) 

(For  the  statement  on  "  Scales  of  Surveys"  see  Supplement  H.) 

Committee  No.  4. — Methods  of  United  States  and  Foreign  Government 
Surveys — Messrs.  Dennis,  Donn,  Wainwright,  Hodgkins,  and  Flemer. 

Kesolution,  presented  by  Mr.  Dennis,  under  which  the  committee 
acted: 

That  a  committoe  of  fivo  (5)  be  appointed  by  the  chairman  to  report  on  the  methods 
of  making  topographical  surveys  by  the  several  departments  of  the  United  States 
and  Foreign  Governments,  and  to  recommend  such  changes  or  improved  methods,  if 
any,  as  they  may  deem  of  advantage  to  the  work,  as  now  executed  by  the  U.  S. 
Coast  and  (geodetic  Survey. 

The  report  of  the  committee  nnder  tbe  above  resolution  is  necessarily 
quit«  voluminous.  It  consists,  first  of  all,  of  a  paper  in  the  nature  of  a 
preamble,  by  the  chairman,  Mr.  Dennis.  In  this  he  concludes  by 
quoting  an  interesting  passage  from  a  contribution  on  cartography 
sent  to  the  board  by  Mr.  A.  Lindenkohl,  on  the  subject  of  using  the 
same  unit  of  measure  for  heights  and  distances;  secondly,  of  a  paper 
by  Mr.  Donn,  "  On  critical  surveys  for  special  purposes  in  the  United 
States;''  thirdly,  of  three  papers  by  Mr.  Wainwright,  '*On  topo- 
graphical surveys  in  the  United  States,'^  "  On  the  methods  of  the 
Coast  and  Geodetic  Survey,"  and  "On  topographical  surveys  in  Itjily;" 
fourthly,  of  two  papers  by  Mr.  Hodgkins,  '*  On  surveys  in  Enghuid  and 
France,"  and  "  Extracts  from  the  report  on  European  topograpliical 
maps,  by  General  Derr^cagaix,  1889,  on  Belgium,  Denmark,  Holland, 
Portugal,  Eoumania,  Bussia,  Spain,  Sweden,  and  Norway;"  fifthly,  of 
a  paper  by  Mr.  Flemer,  "On  surveys  in  Germany,  Austria,  and 
Switzerland."  The  investigations  by  this  committee  do  not  develop 
any  methods  of  work  that  could  be  advantageously  substituted  for 
those  now  used  in  the  operations  of  the  SuiTey. 

Two  subjects,  not  having  any  direct  connection  with  the  hibors  of 
this  committee,  arising  from  the  riMsolution  under  which  it  was  I'ormed, 
were  placed  in  the  hands  of  the  cominittee  by  the  Conference — ]>h(»(:o- 
grammctry  and  the  method  of  balloon  surveying,  suggested  by  Mr. 
Bache. 

The  first  of  these  subjects  is  presented  in  an  appended  paper  by  Mr. 
Flemer,  entitled  "A  short  historical  review  of  the  art  of  pliotogra^:**^ 
metry." 

A  subcommittee  of  this  committee  No.  4,  co!i8istlu%<i^^^'^'«st'«.."^<>^ 
Wainwright,  and  Hodgkins,  was  apiK)iuted.  \y^  >2«ifc  Oaai«\»»^  '^^ 
the  value  of  this  method  by  experiments  In^tAift  ^^r^Sl.  ^\X\i5b?o5^^S>"^'^ 


impTsu-tii-ktilf.  t/i  <yiin[i)«;te  th«-sc  es[ierin)eDt<>  dariog  tbe  #^^inn  of  the 
iUaifHtMiitf..  St  r*;*'ilriti<tn  wa-  [•»i'^<r<l  n-<ia*-.stiiig  the  SuficriDteodeut  to 
aatiioriw  tti«:ir  r<riiif>l*rti<in  aftvr  it^  i:lit^. 

Tlift  ttmfiiid  •iubi(^.-t  »  rmiTtiilerf^l  io  a  special  report  on  Hr.  Bathe's 
jtlaii  fr^r  tiall'Mtn  Kiir\-<-yih^. 

rFor  all  thi-^.  rfrjMfrtit.  >«e  Snppleni<-nt  l.i 

Commiii'^  X".  -5. — 1,'tiifiirmiiy  in  <i(nviriit»»ri:il  sipis — Slessre.  Dennisi, 
}iat:hi\  l^irkwfll,  Itinii).  and  Kli-mr-r. 

liciMiliitidii,  [in:!t«rit«-<l  tiy  Mr.  lUnigf-T'^  umler  wliich  the  committefl 
acitfti. 

That  •<y-li"n  3  of  ili<r  Snp*nnWnil''nt*  (l^l;^;■r«ti<)ll^  viz:  ■■  KxaMUbnirnt  "f  nni- 
ffiTfiiiry  ill  the  '■■>•■  'if  rniiv<rrili»iial  ii^'K.''  tm  T*trttfi\  to  a  cuiuiiiiti«e  of  live  i3) 
umiitmtn,  to  W  M|>|>oiiite<l  )■>'  tliK  iliaimian, 

Tlie  c<>iiv«iitioiial  sikiw  r<;f(;rre«l  I<i  nrlatv  iimre  pjirticnEarly  to  the 
oriKinal  tlimi  to  tlic;  pablislied  cliartx  of  tlii-  Survey.  As  indicated 
alftvft,  by  tliA  Kii^^eHtionft  of  the  Snpeririteiident  and  by  the  tvnus  of 
tliiH  rcwiliitiori,  t)i<;  intention  was  to  sei'iire  Dnifomiity  id  the  practice 
of  l,ln!  Survey.  But  it  must  not  be  infem-d  from  tbi9  fircomstaoce 
that  t)i«!  Kriipbif^l  in<-th(Hls  nf  the  Survey  have  ever  been  hix.  The 
4!oiitrary  itt  th<;  fact,  both  aH  to  tlie  iiffitre  and  the  field.  But  n-hereaa 
it  in  waHy  to  Hccnre  for  the  odice,  where  i)fr«oii!*  are  working  in  close 
(juiirterii,  jterfect  anifortnity  in  thi»  matter,  the  eaae  becomes  very 
difli'n-nt  w)i<!m  porsonn  »n:  m-attdtMl  over  bo  va.tt  an  area  as  that  of 
tiitr  I'nilcd  Shilci.  So,  white  tn^-at  uniformity  has  always  obtaiuetl, 
tivt'u  in  the  liiltcr  carte  on  the  8nrv4;y,  the  ]iri'Sfnt  endeavor  is  to  be 
more  a<'c;i]rtil<!ly  Ktntcil  ilh  in  the  intvn-st  of  st-cmriiif;  for  tlie  tield  still 
UTt'Htt'.r  uniformity  than  hercbtforu  in  the  use  of  conventional  signs  on 
originiil  chartH. 

l''roni  thi)  natunt  of  the  stibJM-t  placed  befttre  this  C4>n)niittce  no 
rormal  reixnt  in  writing  wan  iie^-eswiry. 

The.  pnx-^tdnre  iwh>])l('d  by  the  ronimitiec.  wan  U>  take  as  a  basiH  the 
wholly  range  of  conventional  Kigns  hcret')fore  uskI  on  the  Survey, 
cancolling  Homo  of  litem,  adding  some,  and  mcHlifying  others.  The 
llNt,  iiH  nifHlilied  in  eoiiHiiiltce,  and  then  tinally  i>erfe«ted  by  the  action 
of  the  I'linl'erenee,  biM^aiTie  the  new  one,  exhibited  in  Supplement  J. 
(MhiKlriitionH  27,  '2H,  ]>'.*,  and  30.) 

(UnnmilliT.  Nik  H. — Section  l,  8nperint<'ridcnt^H  »nggcstious — commit- 
titeof  the  wlude. 

■(ewdiiMoM,  jtrcNcnted  by  Mr.  Donn,  under  which  the  committee  of 
the  whole  iieted: 

■Jlint,  MiK  ri>iiHiili<riili»ii  of  Rrctiim  4,  vi^:  "  Mi'DioiIh  Iiy  wlitrli  work  may  bp  ron- 
(liTi'fl  iiHirft  ruiiiil  mill  1i>h«  ri|n>iisivii,"  Itn  rornrroil  lo  tlio  Fommittee  of  the  wholo. 

The  (u>iicluHiiins  iiii  this  Rulijeet,  Hrst  of  all  discussed  in  a  general 

way  by  the  ('onferenee,  are  ciiibiidicd  in  the  leport.s  of  the  committee 

on  the  '■(!liiNHitii-atioii  of  the  Topography  of  the  United  States,"  at 

wliirh  Mr,  Ogdeii  wiis  eliuirman;  on  the  ennunittce  on  "Rules  to  gov- 

^ern  To/M)^''ra|>hica]  Surveys  in  the  ditlcrcut  typical  soctiuQS  conBid- 
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■ 

Abstracttt  of  the  rrports  of  ihv  rommittcrft, 

ered,"  of  whit:h  Mr.  Roi'kwell  was  diuirnnin;  of  the  eonimitU^o-  on  '<  Iii- 
stnimcjital  iiietliods  siiul  relative  cost  of  surveys  ]»er  sciuare  mile,"  of 
which  Mr.  Og^deii  was  cliairman;  and  of  the  eominittee  whieh  fiirnislied 
a  table  of  the  estimated  relative  eost  of  surveys  per  square  mile  in 
lypical  sections  on  specified  scales,  of  which  Mr.  Kod^ers  was  chairman. 

The  work  of  the  first  three  of  these  <*omraittees,  already  mentioned 
in  connection  with  them,  and  the  work  of  the  last  one,  whose  report 
will  be  found  in  Supplement  C,  cover  the  general  scope  of  the  matter 
submitted  to  the  Conference  under  section  4  of  the  ^SSuggestions  of  the 
Superintendent." 

In  other  words,  these  four  reports  menticuied  cover  in  a  general 
way  the  requirements  submitted  by  the  Superintendent  as  to  '*  Devis- 
ing m(*thods  by  which  work  may  be  rendtued  more  rapid  and  less  ex- 
pensive without  material  loss  of  accuracy,  and  methods  for  cheap  to- 
pography, securing  the  highest  accuracy  attainable  with  the  least 
expenditure  of  time  and  a  given  sum  of  money." 

Committee  Xo.  ".— On  rules  to  govern  topographical  surveys  in  the 
different  typical  sections  considered — Messrs.  Kockwell,  Wainwright, 
and  Hodgkins. 

This  is  the  cx)mmittee  mentioned  in  the  second  paragra])h  of  this  re- 
port relating  to  committee  3  of  the  list,  where  its  work  was  spoken  of 
in  connection  with  that  of  another  committee,  because  the  work  of  the 
two  together  covered  the  resolution  requiring  **  Classification  of  t-opo- 
graphical  field  work,  to  be  based  upon  previously  ascertained  relations 
of  the  difficulties  of  difl'erent  regions  of  the  United  States."  (See,  as 
before,  Supplement  E.) 

Committee  Xo,  8. — Definition  of  topographical  reconnaissance — 
Messrs.  Ogden,  Bache,  and  Donn. 

This  committee,  having  considered  the  question  above  indic'ated, 
finally  presented  the  following  definition,  whieh  proved  acceptable  to 
the  board : 

Topographical  rcconnaisBanoe  in  a  determinatiou  of  the  topo;^rnphira]  featnres  of 
a  re^iou  or  locality  that,  if  plotted,  would  represcut  ou  a  map  only  a  partial  dev«.'l- 
opmeut  of  the  salient  features  of  the  region. 

[Tpon  the  appointment  of  the  committee  on  instruments,  Messrs. 
Hodgers,  Donn,  and  Ogden,  these  gentlemen,  with  other  members  of 
the  board,  under  a  previous  informal  invitation  to  that  effect,  visited 
tlie  Office  of  the  Geological  Survey,  with  the  object  of  examining  any 
instruments  that  might  prove  novel  and  of  utility  in  any  work  of  the 
(oast  and  Geodetic  Survey.  This  visit,  according  to  the  report  of  the 
members  of  the  committee  on  instrunuents,  proved  so  interesting  that 
another  group  of  members  of  the  Topogra])hical  Conference  took 
advantage  of  a  general  informal  understanding  to  tht*  etfect  that  tU^^ 
officers  of  the  Geoh)gical  Survey  would  be  pleai^ed  at  any  tliuft.  t^  V«^"^ 
members  of  the  Conference  pay  them  a  visit  aiwX  ^^^x«ccc^^  \n>^*5i  '^^v? 
n,  Ex.  43,  pt.  2—37 
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details  as  might  interest  them  at  the  OflSre  of  the  Genlogical  Survey, 
and,  under  the  guidance  of  Messrs.  Gannett  and  Wilson  of  that  Survey, 
obtained  valuable  insight  int4)  its  topogra])hiral  methods  and  in- 
struments. 

At  that  time  the  members  of  the  Topogi  ajiliical  Conference  had  re- 
ciprocated the  courtesy  shown  them  by  the  otficcrs  of  the  Geological 
Survey,  and  had  extended  to  them,  in  turn,  an  informal  invitation  to 
visit  the  Office  of  the  Coast  and  Geodetic  Survey,  and  it  was  decided 
to  anticipate  the  informal  return  of  the  visit  of  the  members  of  the 
Conference  by  a  formal  invitation  to  their  previous  entertainers  to  visit 
the  Conference  in  session  at  the  Office  of  tlie  Coast  and  Geodetic 
Survey. 

To  that  eflfect  the  following  resolution,  drawn  up  by  Mr.  Bache,  was? 
passed  by  the  Conference : 

Meiolrcdf  That  the  Topographical  Coufereuce,  ronvened  at  tho  Offirn  of  th©  Coast 
and  Geodetic  Survey,  by  direct  ion  of  the  Supcrhitondont,  and  liavin;;  under  consid- 
eration the  general  subject  of  Topography  in  the  United  States  and  foreign  coun- 
tries with  reference  to  methods  oinployed  in  the  exocjition  of  tliat  branch  of 
surveying,  their  merits  and  their  expense,  would  bo  pleased  to  invite  the  Director 
of  the  C^eological  Survey  to  delegate  sjirh  nienibors  of  his  corps  as  he  may  wish  to 
select  to  meet  the  said  Conference  at  the  Oflico  of  the  Coast  and  Geodetic  Survey, 
for  the  purpose  of  bringing  about  a  useful  interchange  of  experience  .-ind  viewa  on 
this  subject  of  interej*t  common  to  both  Surveys. 

This  resolution,  passed  February  11,  was  sent  by  the  chairman  of 
the  Conference,  with  a  transmitting  letter,  to  the  Superintendent  of  the 
Coast  and  Geodetic  Survey,  requesting  him  to  forward  it  to  the  Director 
of  the  Geological  Survey. 

On  February  1*^  the  Superintendent  addressed  the  Conference,  ex- 
pressing his  gratification  at  the  action  involved  in  the  passage  of  the 
resolution  above  quoted,  and  his  belief  that  the  interchange  of  views 
there  alluded  to  would  be  beneficial  for  the  co-ordinate  surveying 
branches  of  the  (lovcrnment  service. 

On  February  1(>,  the  Conference  having  been  notified  that,  in 
response  to  the  invitation  conveyed  in  the  resolution,  officers  of  the 
Geological  Survey  would  present  themselves  at  2  p.  m.  of  that  day, 
prepared  to  receive  them. 

The  gentlemen  delegat<Mi  by  the  Director  of  the  Geological  Survey 
to  visit  the  Conference  were  Mr.  Gannett,  Mr.  Wilson,  Mr.  Thompson, 
and  Mr.  Baker. 

The  members  of  the  Conference,  after  receiving  them,  and  after 
opening  remarks  by  the  chairman,  listened'to  statements  made  in  suc- 
cession by  their  guests.  After  these  statements  on  various  points  i>f 
professional  interest  had  been  made,  conversation  beeame  general 
throughout  the  room  regarding  details  suggested  by  the  preceding 
statements.  The  meeting  came  pleasantly  to  an  end  with  an  expres- 
sion of  great  mutual  gratification. 

Immediately  ui>on  the  withdrawal  of  the  visiting  body  the  Conference 
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Conference  icifh  officers  of  the  Geological  Survey, 

came  formally  to  order,  and  Mr.  Bodgers  offered  the  following  motion, 
which  passed : 

That  a  resolution  of  thanks  to  the  delegates  of  the  U.  S.  Geological  Survey  be 
passed  by  the  board,  and  that  the  same  be  transmitted  to  them^  through  the  Super- 
intendent, to-morrow. 

Under  this  motion  Mr.  Bache  oflfered  the  following  resolution,  which 
liaised  : 

Resolved,  That  the  members  of  the  Topographical  Conference  of  the  Coast  and 
Geodetic  Survey,  now  in  session,  express  through  the  Superintendent  of  the  Survey 
to  the  Director  of  the  Geological  Survey,  and  to  the  officers  of  that  Bureau,  delegated 
by  him  to  visit  the  Conference,  their  gratification  at  the  visit  to-day  of  those  gentle- 
men, and  their  fullest  recognition  of  the  valuable  results  accruing  from  this  meeting 
for  the  purpose  of  an  interchange  of  views  as  communicating  to  mutnal  advantage 
some  of  the  fruits  of  experience  of  the  respective  Surveys. 

On  February  19  the  chairman  presented  to  the  Conference  a  letter 
received  from  Mr.  Gannett,  setting  forth  the  methods  of  topographical 
surveying  employed  on  the  Geological  Survey  in  the  northeastern 
division  of  the  work.  This  letter  was  a  response  to  inquiries  made  at 
the  meeting  above  referred  to,  between  tlie  officers  of  the  two  Bureaus. 
It  was  read  and  ordered  to  be  copied  in  full  in  the  minutes  of  the 
Conference. 

A  paper  was  subsequently  presented  by  Mr.  Ogden,  referring  to  this 
letter,  and  to  tlie  undesirability  of  applying  the  methods  described  to 
the  seaboard  work  of  the  Coast  and  Geodetic  Survey;  and  the  opinion 
of  the  Conference  on  the  availability  of  these  methods  for  the  coast 
work  was  finally  expressed  in  the  following  resolution: 

Besolvedf  That  in  the  opinion  of  the  Topographical  Conference  the  methods  of 
Topographical  Surveying  described  by  Mr.  Henry  Gannett^  chief  topographer  of 
the  U.  S.  Geological  Survey,  in  his  letter  of  February  19  to  the  chairman  of  this 
Conference,  would  not  prove  satisfactory  and  economical  in  surveying  the  narrow 
belt  of  topography  along  the  coast,  to  which  the  work  of  the  Coast  and  Geodetio 
Survey  has  been  confined. 

Mr.  Gannett's  letter  and  Mr.  Ogden's  comment  will  be  found  in  Sup- 
]>lement  K. 

The  minutes  of  the  proceedings  of  the  Topographical  Conference 
evidenced,  as  to  its  work,  that  many  resolutions  were  passed  looking 
to  improvements  of  various  kinds.  Mention  of  all  of  them  would 
obviously  be  out  of  place  in  a  general  report  but  will  be  found  in  the 
supplements. 

PRINCIPAL  CONCLUSIONS  FORMULATED  BY  THE  CONFERENCE. 

The  following  paragraphs  state,  in  succinct  form,  the  jmncipal  con- 
clusions reached  by  the  Conference: 

(1)  ThatbiUloon  photography  is  not  applicable  for  the  purposes  of 
a  Vi\\)U\  and  cironomical  topographical  survey. 

(U)  That  the  present  standard  for  toi)Ographical  woic^s.  ^j^^^  ^^'^x 
^asts  should  bo  mamtaiuod* 
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CA)  Forivmliitcs  nili's  tor  ^iovoniiiii:  lo;»o;j;r:il»liir  work  on  spwifiod 
srales  foi'  N'jirioiis  typical  iv.uions,  whirli  woiilil  prodiu'c  niiips  contain- 
in;;'  the  !u:n»}ilt'st  auMMiiit  of  intorni:iti<Hi  for  the  Ifiist  (»x|UMi(liruro  of 
I  inn*  and  nioiun*.  Als«i  esiiinaU's  tlic  approxiumtc  c(»st  porsiiuarouiilc 
lor  surh  siirvrvs. 

■ 

(4)  1'ha(  over  a  sparsely  inli;il>il<'. I  re;:ion  a  loss  olal>oratti  survey, 
(•ostiii;»  imicli  less  per  s(|imn'  mile,  ronltl  I»e  iiia<lo,  which,  thoupfh 
l:\<'kin;X  in  nuich  ilc>ijral>h*  inrorinalioii,  w<»iihl  ]>rovc  nsel'ul  in  the  de- 
\  i'loi)inciit  of  that  rc^jion.  • 

(.*>)  Tiiat  the  plane  tal>lc  is  iinoipiah^d  in  its  nselnlnoss  in  every 
order  of  W4»rk.  and  nanie^  (.'eilain  otliei*  instrnnients  whii'h  wonkl  ])c 
valuable  as  auxiliaries. 

(<»)  lioeonnuends  <ertain  iiupiovenuMits  Id  tho  phinc  tal)h%  ami 
j  :idviscsthe  appoint ntent  of  a  c<uniuittee  to  superinteiul  the  same. 

(7)  That  tliemeiu  sea  level  is  the  most  desirable  <lat urn  plane  foi 
elevations  in  topoLiraphieal  surveys. 

(5)  Can  not  ree.unmend  any  method  of  makin^X  b)])0<rrai)lueal  surveys 
of  the  coasts  that  would  he  an  imjuovenHMU  on  that  now  in  a«e  in  oui 
own  service. 

{!))  That  pilot c»;;raphy  may  he  found  at  times  a  useful  auxiliary,  bnt 
under  ordinary  (tii'cumstafices  can  not  comi)ete  with  the  phine-table  in 
rapidity,  econoniv,  or  jiccuracv. 

(10)  That  tlu'  material  of  our  plane  table  sln^ets  is  suscc'ptible  ol 
ifMH'h  improveuH'Ut,  and  that  the  apiM»intnieut  of  a  connnit tee  to  experi- 
ment in  this  diroetion  is  recommended. 

(11  j  Presents  a  revised  list  of  conventional  si<^nis  for  field  use. 

(PJ)  Di'tines  a  to])OLri'ai)hieal  recounaissanco  as  "a  det«M'mination  of 
the  to]>o«Tfraphic  features  of  a  region  nv  locality  that,  if  plotted,  would 
represent  on  a  map  only  ii  partial  developnn^nt  of  the  salient  features 
of  the  re^'iiiu." 

(l.'>)  KecomnuMuls  the  adoption  of  the  metre  as  the  unit  for  vertioid 
as  well  as  horizontal  measunvs. 

(1.1)  That  tlie  nu'thods  of  th<^  (i^'oloo-i,.;!,!  Survey,  as  d<'seribed  by 
Chief  Topo':rai)her(Jannett,  would  not  i)rove  satisfactory  or  economical 
for  our  coast  work. 

(\'y)  Recommends  that  a  manual  be  pre])ared  of  all  instruments  in 
use  bv  the  Coast  and  (leodetie  Survev. 

(HI)  iJecomnuMids  the  prci)aration  of  a  new  table  tor  heijrhts,  usinp 
ihf  m:  tre  instead  of  the  foot,  a>i  the  unit  for  elevations.  Also  a  new 
enipirii-al  formula  to  bi»  deviled  for  computing:"  elevations. 

.  17)  Keconnnends  the  continuance  of  the  committee  on  ph(»tograpliic 
surveyinp:,  that  it  may  ciMu'ludc  it.s  investi;;ations. 

(18)  'fhat  in  tip'  (Opinion  ol' tlu^  C<mfereuce.  toi)o^ra])hical  surveys,  tc 
-ubserve  the  jLireate.>t  number  of  useful  purposes,  should  not  be  made 
on  a  scale  smailei  than  l-bHKM). 
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RESOLUTIONS    OF     IMl'OK  r.VN("E     FASSKD     BY    THE    CONrKRKNCri 

TOWARD  TlIK   OLOSE   OF    ITS  SESSIONS. 

Three  resolutions,  jkussocI  during  the  last  part  of  the  sittini;]:  of  the 
(^ inference,  rehite  to  niiitt<^r.s  of  sutticient  general  interest  to  warrant 
nientio)!  of  them.  One  of  th(»se  was  a  reeonimendation  to  the  Super- 
int<Mi(lrnl  to  appoint  a  permanent  eoumultee  of  tliree  top()grai)hers,  two 
t»f  whom  shouhl  be  members  of  this  Confrr«»nc(»  and  one  a  niendier  of  t  he 
Instrninent  Hoard  of  tin*  Otlice,  hM»king  to  iinj»rovenients  in  topograph- 
ical instrmiKMits,  and  especially  to  perfecting  the  i»l;inr-table  and  licld 
sheets.  It  was  also  reeonmiiMided,  through  a  se«'ond  resolution,  that, 
for  the  I'utnre,  mean  sea-level  shmdd  be  taken  as  the  datum  i)lane  for 
elevations  in  the  work  of  the  Coast  and  (ieodeti<*  Survev.  Tiie  third 
of  these  resolutions  reeommends  that,  for  the  future  work  of  the  survey, 
the  metre  be  taken  as  a  unit  for  heights  as  well  as  for  linear  measure- 
ments. Following  out  this  last  action,  the  (.■ont'eremre  adoi)ted  a  rest>- 
Intion  offered  by  Mr.  Ilodgkins,  asking  for  the  i>reparatiou  of  a  new 
table  of  heights  cm  the  metric  system,  an<l  a  resolution  offered  by  Mr. 
l{(idgers,  snggestiifg  the  d«»sirability  of  a  new  Ibrmula  for  the  ready 
computation  of  heights  without  the  us(»  of  tables.  On  the  last  day  of 
the  Ooiderence  Mr.  Ilodgkins  submitted  a  brief  ami  convenient  Ibnnula 
for  such  purposes.     (See  Sup[dement  L.) 

Another  important  matter  was  contained  in  a  resolution  proposed 
by  Mr.  Ilodgkins,  at  the  suggestion  of  Mr.  I);)nii,  and  adoi»te<l  by  the 
i-onferenci,  requesting  the  Superintendent  to  have  i>repared  a.  han<lbook 
of  all  instruments  used  in  th«»  Suivey,  Avith  plates  and  full  descriptions 
of  adjustments  and  methods  of  use. 

A  description  of  the  tachynieter  and  tachygraphometer,  translated 
by  Mr.  Flodgkins,  and  a  plate  illustrating  the  i)ower  of  different  scales 
tor  tin*  delineation  of  topograjiliii-al  features,  pn^pared  by  Mr.  Donn, 
nnitters  of  interest  in  connection  with  the  subjects  discussed  bv  the 
Coid'ercnce,  will  be  found  in  Supplements  M  and  N. 

With  thes(^  last  mennnanda  of  important  ]>oints,  of  which  the  Tojm)- 

graphical  (/onfeitMice  has  taken  cogni/.an«M»,  it  cl<»ses  its  report  in  the 

belief  that  it  has  left  little  untouithed  in  its  discussions  that  is  of  much 

moment,  ami  in  the  hope  that   its  labors  in  its  Held  of  duty  will  m)t  Im^ 

unfavorably  regard(Ml  by  those  who  are  by  training  best   fitted  to  be 

juil ges  i»f  its  work. 

Kesped fully  submitted. 

ITenkv  L.  WiTiTixa, 

<' ha  inn  (OK 

J.  A.  Flemeu, 

tSccrvtari/, 

WASniNGTOX,  March  S',  7>P?. 


Supplement  A. 

LETTERS   FROM   ASSLSTANTS   AND   OTHERS,  ADDRESSED  TO    THE 

CHAIKMAN  OF  THE  CONFERENCE. 


LETTER  FROM  ASSISTANT  (HEOIUJE  DATIDSO^T. 

j  In  response  to  your  letter  of  January  25  I  have  drawn  up  tlie  follow- 

lowing  memoranda  in  answer  to  your  suggestions: 


0I.ASS1FICATI0N  OF  TOPOGRAPHICAL  SURVEYS, 

Tbe  necessity  for  this  was  quickly  appreciated  on  tbe  Pacific  coast, 
where  tbe  uei»essity  for  pronii)tly  presenting  results  ni>on  an  unknown 
coast  of  great  extent  was  urgent,  and  where  the  character  of  the  orog- 
raphy was  altogether  different  from  that  of  the  Atlantic  or  Gulf  of 
Mexico.  In  fact,  I  have  visited  the  coast  of  no  country  where  the 
j)liysical  difficulties  to  be  overcome  are  so  great  as  along  this  seaboard. 
My  first  serious  experience  in  this  matter  was  at  Cape  Flattery  in  1852, 
where  Mr.  Lawson  executed  the  toi>ograi)hy  under  my  direction.  All 
tbe  conditions  were  novel.  A  wild,  rugged,  high,  rocky  (;oast  exposed 
to  the  gre^t  and  ceaseless  swell  of  the  North  Pacific,  timbered  from 
the  edge  of  the  cliffs  to  the  crest  line  of  tlie  hills,  impenetrable  on  ac- 
(!ount  of  the  dense  undergrowth,  cut  up  by  de^p  and  irregular  gulches, 
destitute  of  even  Indian  trails  over  any  part,  and  impracticable  for  the 
di^velopment  of  a  tertiary  ti'iangulation  with  tlie  means  at  my  comnmnd. 
Tlie  means  of  trans]>ortation,  two  canoes.  Grit,  endurance,  and  ability 
ill  the  to})ograi)hor,  and  good  support  from  his  men.  We  had  no 
proi)er  classification  for  the  work,  and  no  sign  to  indicate  its  character. 

1  repr<»sented  the  <*ase  to  Superintendent  Baclie,  but  he  was  averse 
to  changing  the  methods  of  execution  or  of  exhibiting  topographical 
details.  In  1808  Superintendent  Peirce  acceded  t^)  ni}'^  proposition  to 
execute  certain  parts  of  the  mountain  topography  in  less  detail  than 
usual,  and  such  work  was  done  by  contouring  in  40  and  100  foot  curves 
of  broader  generalization,  and  exhibited  on  the  original  sheets  in 
broken  lines  or  in  a  different  colored  ink.  In  the  wild  gulches  and 
rugged  h<»ads  in  the  seaboard  only  generalizations  are  necessary,  and 
on  the  crest  line  of  the  coast  mountains,  which  gives  the  navigator  his 
landfall,  only  sutHcient  accuracy  is  demanded  to  give  decided  expres- 
sion to  the  features.    The  same  sheet  should,  however,  exhibit  with 
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minute  accuracy  all  tlie  details  of  the  shore  for  a  certain  distance 
inland,  and  the  outlying  rocks. 

Examples  of  this  are  given  in  the  topography  from  Mendocino  south- 
ward, and  of  the  Santa  Lucia  Range  south  of  Monterey. 

In  all  this  work  I  believe  in  general  expression  being  given  by  con- 
tours, and  that  characteristic  features  be  represented  by  suggestive 
conventional  signs. 

In  the  topography  of  the  immediate  coast  line  on  the  Pacific  coast, 
accuracy  has  been  the  governing  spirit  of  the  work,  and  as  the  needs 
of  navigation  and  of  coast  commerce  have  increased,  more  detailed 
accurax'y  has  been  demanded.  Minute  accuracy  of  the  position  and 
peculiarities  of  outlying  rocks  is  essential  to  secure  safer  navigation  on 
this  seaboard,  where  dense  and  long-continuing  fogs  prevail,  and  where 
the  coast  line  may  not  be  seen  from  less  than  a  mile  distant  for  con- 
secutive weeks.  The  navigator  in  command  of  a  coast  steamer  runs 
by  time  and  courses — time  to  minutes  and  courses  to  degrees.  When 
his  time  is  up  and  he  has  not  made  his  landmark,  he  heads  directly 
through  the  fogs  toward  the  shore  and  picks  it  up  by  the  rocks,  and 
then  coiitiimes  along  Hie  shore  carefully  until  he  reaches  a  rock  whose 
features  he  knows  and  whoso  accuracy  of  position  he  has  practically 
verified.     1  have  witnessed  this  method  of  navigation  frequently. 

In  the  earlier  days  the  heights  and  forms  of  the  rocks  were  not  noted 
and  many  of  the  smaller  rocks  were  omitted,  but  the  experience  from 
Point  Reyes  to  Punta  Arena,  where  large  numbers  of  chutes,  outreach- 
ing  high  wharves,  flying  trapezes,  et<*.,  have  been  constructed  outside 
the  cliifs  and  rocky  islets,  demonstrates  the  value  of  the  minute  survey. 
All  these  small  and  dangerous  anchorages  are  approached  with  some 
confidence  even  in  foggy  weather  when  the  Coast  Survey  chart  locates 
all  the  notable  visible  as  well  as  sunken  rocks. 

Improvements  involving  from  810,000  to  $50,000  at  a  single  one  ot 
these  landing  places  are  made  upon  the  basis  of  the  Coast  Survey 
measures. 

TOPOGRAPHICAL  RECONNAISSANCE  OF  THE   COAST  LINE. 

In  1868  I  proposed  to  carry  a  topographical  reconnaissance  from 
Cai)e  Flattery  southward  for  the  purposes  of  the  coast  pilot.  The 
necessity  for  this  survey  increased  yearly,  not  only  for  coast-pilot  use, 
but  to  locate  and  connect  the  mouths  of  rivers  and  bays  and  give  a  fair 
outline  of  the  immediate  shore  line.  For  a  time,  coast  commerce  got 
ahead  of  the  regular  work. 

The  results  obtained  by  the  topographical  reconnaissance  of  1887 
and  1888  were  extremely  satisfactory  in  their  results  and  in  the  small- 
ness  of  cost.    But  in  each  case  they  were  pushed  with  such.  ^ece^xsaSc 
vigor  and  ability,  such  tenacity  of  purpose  and  endurance  o^\f«^i'^^^^ss«i.^ 
that  they  are  exhibits  of  what  can  be  done  in  au  em&i:  fe^^^'^ '^''^^^*^^ 
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than  what  is  to  be  done  as  a  ivgrular  business.    Ea<,'li  i)arty  was  pretty 
well  '*  used'u])"  alter  tlie  iH'ifonnanee  of  18S7. 

I  afiirm  with  great  earn(»stuess  and  sincere  pleasure  that  no  other 
organized  body  in  the  s(*rvice  of  the  Government  or  any  eorporation 
eouhl  liave  produerd  the  topo^rraphers  tlnit  eould  have  exeeuted  the 
tnpo<jraphieal  reconnaissanee  of  this  eoust  in  ISST  and  ISSSin  the  same 
lime,  with  the  same  means,  at  th<»  same  cost,  and  with  as  gi'eat  aeeura^*y 
as  tlie  Coast  Survey  assistants  did. 

A  simihir  topographieal  re<'onnaissance  of  the  eoast  line  is  what  will 
sunicein  Alaska  for  many  years,  exet»i)t  in  special  localities;  but  it  will 
have  tt)  be  exeeuted  in  a  ditferent  manner  and  with  dilfereut  means 
and  at  greater  eost,  for  the  shore  line  is  ;:jenerally  im])aRsable. 

(.'harts  publishe<l  from  8U<'h  surveys  should  have  ]»roi>er  designation 
of  the  metliod  emi>loyed. 

Surveys  like  those  of  the  Santa  Barbara  Islands  hav<»  no  parallel  on 
the  Atlanti<*  roast.  Th(^  surveys  of  the  islands  of  >Vashin«^ton  Sound 
liave  very  many  diffnnlties  on  account  of  the  tierce  character  of  the 
currents,  absence  of  trails,  the  fo^'^^y  weather,  and  still  jjfreater  bin 
drance  of  smoky  weather.  Patience,  ceaseless  watching,  avidity  in 
seizin^;;  every  o|)eninf?,  and  rapidity  and  accuracy  of  i*xecution  can 
\  alone  acc(Hnplish  results.     Similar  work  under  similar  conditions  can 

f  not  be  executed  with  less  eost  than  is  done  by  the  conscientious  and 

I  able  olUcers  on  that  duty. 


[  DETAILED  AM)  MINUTE  TOPOGKAPHY. 

For  special   locations,  like  San   Die^o,  San  Francisco,  Ilumboldt. 

Yaquina,  the  mouth  (d*  the  Columbia,  etc.,  the  details  and  accuracy  of 

tiie  survey  slundd  be  of  the  mt)st  minute  character,  and  exhaust  the 

skill  of  the  t<)|)o«»ra])her;  and  certain  parts  shouhl  be  resurveyed  to 

{  exhibit  chan;;('s  of  shore  line  elTected  by  natural  or  artitlcial  causes. 

METHODS    rOH    THE     KAPID    KXEcn'TIoN    OK    AiTlKATE  WORK    AT   A 

MINIMI'M    OV   <'<)ST. 

I  have  already  refernMl  to  the  rapidity  of  the  toj)o^raphical  recon- 
naissance of  VVasliin;;;ton  and  ( h-e^^on  at  a  minimum  of  cost  and  a 
maximum  of  e.vhanstion  of  the  to]>o;4;ra pliers. 

l''or  the  .ireneral  topo^rajdiy  of  the  coast  line  much  is  necessarily  left 
to  theJudj^^nuMit  of  the  toj)o«»'raj)her  as  to  details.  To  locate  every  post 
of  a  telej;:raph  line  would  be  a  wicked  wast**  <)f  means  and  time. 

Much  de|>ends  u)ion  the  facility  for  execntinj;  the  tertiary  triangu- 
lation,  the  number  of  trian^ulation  stations,  and  the  rapidity  and 
accuracy  of  the  ('omputer. 

In  some  eases,  as  in  theColmnbia  liiv<»r  bottom,  a  «xi'ei»f  deal  dei)ends 
upon  the  state  of  the  rivei'  (there  l>ein^^  two  fnvshets  annually),  and  on 
the  state  c»f  the  low  water  as  to  what  shall  be  taken  as  the  shore  line 
uf  an  island  whose  ni>[Hn'  end  is  well  out  of  watei-  and  the  lower  end 
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below  the  siirfiwie,  with  a  very  low  grade  of  descent.  Much  depends 
on  the  condition  of  the  atmosphere  on  the  northern  coast  and  in  the 
Puget  Sound  region,  where  great  fires  prevail  in  the  working  season, 
and  where  1  have  known  the  shore  line  invisible  for  weeks  at  a  ship's 
length.  All  field  work  must  sto]),  and  it  can  not  be  done  in  winter 
because  of  continuous  adverse  weather.  This  last  project  was  tried 
by  Sui>erintendeiit  Patterson  and  utterly  failed. 

cruder  all  the  conditions  that  have  prevailed  on  this  coast,  I  have 
known  the  best  men,  consumed  by  anxiety,  make  a  weak  show  of 
triangulation  and  topography  for  the  season  on  account  of  smoky 
weather  or  the  prevalence  of  fogs  and  rains,  or  both.  While  at  the 
south  in  the  same  season,  all  the  conditions  of  the  weather  would  be 
favorable.' 

When  the  character  of  the  work  in  any  locality  has  been  decided 
upon,  the  execution  must  be  trusted  to  the  business  management,  pro 
fessional  ability,  and  conscientious  execution  of  the  officer  in  charge. 
When  he  knows  how  nnujh  money  is  to  be  aUotted  to  him  for  the 
season  he  will  lay  out  iiis  plans  to  get  the  most  out  of  it.  We  liave  now 
no  one  on  the  coast  who  wouhl  not  strive  to  do  so.  The  spirit  of  honor- 
able rivalry  has  generally  prevailed. 

1  have  no  faith  in  t4)p()graphy  that  is  essentially  "cheap.'' 

I  have  not  a  particle  of  faith  in  any  tr)pography  where  it  is  published 
that  one  i)arty  has  ex<*cuted  3  000  s(iuare  miles  in  a  month. 

Finally,  I  hardly  see  how  the  methods  of  topography  as  carried  out 
on  this  coast  can  be  essentially  modified.  As  the  survev  advances 
into  the  woodi»d  regions  to  the  north  it  will  be  imi)racticable  to  con- 
tinue the  ;u*(;uracy  attained  in  an  open  country,  and  some  changes  will 
be  necessarily  nnide  by  each  one;  but  whether  these  modifications  can 
be  formulated  is  a  question  that  will  solve  itself.  1  have  known  no 
wastefulness  of  means,  and  I  know  the  oflicers  ha\'e  a  pride  in  the 
character  of  their  work,  and  iji  the  amount  which  they  can  jjresent  for 
the  money  allotted  to  th(»m.  It  is  probable  that  the  <hmbling  of  a 
party  of  tertiary  triangulation  and  topography  will  be  the  first  means 
to  decreasing  the  cost.  This  was  done  by  me  from  1850  onward 
through  the  Puget  Souiul  work  to  1857;  and  at  Lola,  Kouml  Top, 
Mount  Diablo,  etc.,  where  topographical  sheets  were  made  by  the 
regular  triangulation  party.    It  ha^  be«n  d(me  by  others. 

1  am  satisfied  (ui  one  essential  iK)int,  the  (?oast  and  Geodetic  Survey 
cannot  sacrifice  the  minutest  accura<*y  in  its  methods  wherever  accuracy 
is  necessary;  yet  in  this  case  it  is  a  decided  advantage  in  getting  the 
most  good  work  for  the  least  money  to  *<  double"  a  party. 


■, 
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liCTTEK  FROM  ASSIKTA>T  IIK5KV  L.  MAKl.MMV 

In  answer  to  your  cirnilar  letter  of  Jaiumry  LM5j  1892,  I  beg  leave  to 
submit  the  follawing: 

What  shall  determine  the  accuracy  and  amount  of  detail  to  be 
shown  on  a  topographical  survey  and,  consequently,  the  cost  of  the 
work? 

It  seems  obvious  that  the  requirements  for  a  topographical  survey  of 
New  York  Harbor  should  not  be  the  measure  of  what  is  requisite  for  a 
survey  of  the  Florida  coast  or  that  of  the  (rulf  of  Mexico. 

The  object  to  be  subserved  by  the  Survey,  it  seems  to  me,  should 
determine  the  accuracy  in  details  and  the  cost  of  the  work,  with  the 
wale  to  be  employed. 

Heretofore  in  nuiny  cases  the  practice  has  be^n  not  to  discriminate 
sufficiently  in  the  scale  to  be  used. 

For  localities  on  the  coa«t  of  Florida  and  on  the  Gulf  of  Mexico) 
.  scales  of  1-.*5(KKK)  to  1-50(KK)  would  give  ample  room  to  delineate  the 
details  necessary  to  be  shown.    From  this  I  would  except  the  main 
harbors  and  river  outlets  where  larger  scales  could  be  used. 

For  surveys  of  im]M)rtant  harbors  like  New  York,  Bost(m,  Portland, 
et.c.,  the  larger  scale  the  better,  and  here  agsrin  one  is  impressed  b>'  the 
[  object  for  which  the  survey  is  intended. 

I  Taking  for  instance  a  survey  for  the  location  of  pier  lines,  a  smaller 

*  scale  than  1-1000  should  not  be  entertained;  on  such  a  scale   the 

f'  tijpographer  can  n^prescnt  all  the  minute  details  so  valuable  to  the 


-I. 


1  engineer,  and  he  can  give  the  actual  measurements  made  with  tape  or 

j^  <*hain  along  the  continuous  wharf  line  expressed  in  the  figures,  to  be 

j.  inked  in  as  a  part  of  the  plane  tsible  data.    This  rcciuircment  is  urged 

^:  l)e<*ause  of  the  fa(;t  that  a  plane  tJiblo  survey,  without  actual  measure- 

i  ments  given  in  figures,  and  depending  for  measurements  on  the  accu- 

riicy  of  a  cliangtnible  scale  is  not  received  in  evidence  before  a  c<mrt  of 
[  law,  but  if  it  shows  actual  measurements  expressed  in  tigures  it  at 

once  takes  its  jdace  as  a  legal  document, 
u  Another  point  t^  which  I  beg  leave  to  call  your  attention  is  that  of 

the  phme  of  refer ciu'C  for  heights  and  the  bench  marks  to  be  estab- 
J  lished  by  the  topographer. 

From  my  experience  in  the  Survey  I  am  of  the  opinion  that  the 
jilane  of  reference  should  be  apiiroximatc  mean  sea  level.  1  say  a]>- 
proximat^  because  with  tlu»  means  at  his  command  the  topographer 
could  determine  no  other.  High  water,  or  high-water  mark,  so  called, 
shtmld  be  discarde<l  as  a  i)lane  of  reference. 

The  high- water  line,  as  generally  defined  by  the  **  crest  of  the  beach," 
is  anything  but  a  horizontal  plane;  its  elevation  varies  with  the  locality 
and  depends  on  the  exposure  of  that  part  of  the  shore  to  the  wind  and 
storm  waves,  modified  by  the  existence  or  absence  of  bars  and  shoals 
off  shore. 
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Low-water  plane  for  reference  is  open  to  the  same  objections  as 
'*  high-water  mark,"  with,  however,  some  extenuating  cii*cumstances  in 
its  favor. 

Mean  sea  level,  it  would  seem,  is  the  leiist  objectionable  plane  of 
reference.  A  very  close  approximation  t^)  mean  sea  level  can  readily 
be  obtained  by  observing  a  single  high  and  low  water  on  a  common 
tide  staft',  and  by  referring  the  zero  of  this  staff  to  a  bench  (all  of 
which  can  be  done  by  levels  with  the  plane  table  and  alidade  with 
striding  level).  The  plane  of  reference  can  be  preserved  to  be  referred 
at  some  future  time  to  a  more  accurate  mean  sea  level  if  the  necessity 
arises. 

By  noting  the  heights  of  this  plane  of  reference  on  the  sheet, 
together  with  a  description  of  the  bench  established  by  the  topog- 
rapber^  the  value  of  the  survey  will  be  increased. 


LKTTER  FROM  ASSISTANT  J.  J.  fllLDERT. 

T  have  just  received  your  circular  letter,  and  although  my  special 
attention  is  now  for  the  first  time  directed  to  the  objects  of  discussion 
before  the  Conference;  and  although  I  have  been  so  long  entirely 
separated  from  my  associates  in  the  Survey,  association  with  whom 
would,  doubtless,  have  given  force  and  expression  to  opinions  on  these 
subjects  which  may  now  lie  dormant  in  my  mind;  yet,  as  not  wishing 
U)  shirk  any  responsibility,  I  will  venture  to  make  a  very  general 
response  to  your  invitation. 

On  the  first  topic  \  hjive  nothing  to  say;  if  there  has  anywhere  been 
any  advance  in  methods  or  im])roveraent  in  instruments  in  the  last 
twenty  odd  years,  I  have  yet  to  hear  of  them. 

On  tlie  second  topic  I  have  little  to  say;  the  extremes  may  well  be 
designated  as  ** survey"  and  '^reconnaissance,"  but  there  are  many 
degrees  of  accuracy  between  these  extremes,  owing  mechanically  to 
the  scale,  physically  to  the  character  of  the  country;  or  the  amount  of 
detail  may  depend  upon  the  object  of  the  survey,  or  be  limited  by  the 
expense  of  time  or  money;  these  different  grades  of  work  might  well 
be  designated  so  as  readily  tt)  distinguish  them;  but  to  express  the 
distinction  by  a  single  word  would  seem  dittl(!ult  unless  words  were 
coined  for  the  purpose;  the  use  of  compound  words  would  be  simpler^ 
and  following  the  method  of  distinguishing  the  triangulation,  primary, 
secondary,  and  t4*rtiary  surveys  might  with  use  come  to  sound  very 
proper. 

Tiiird.  I  believe  that  the  conventional  signs  should  be  simple  and 
uniform,  but  not  multiform,  as  few  as  is  possible.  All  cultivated  laiwl^ 
except  perhaps  rice  fields^  may  well  be  represented  us  gra»^^ss^2^^^  "^fi^w 


m 

588  XT.  s.  (^OAsT  AXD  oEoiiiynr  sri^vEV. 

coniterous  Iroos  by  the  same  sign,  one  made  by  tlinM*  lines  e^ossiIlJ,^ 
thus-)(-,  ftoeiiis  more  simple,  and  is  easily  formed;  all  deciduous  trees 
by  i\  common  sign.  I  would  not  attempt  to  designate  sawmills, 
churebes,  ete.,  by  any  eoiiventional  sign,  but  wcmld  print  tbeir  names 
on  the  map.  The  contours  a,s  heretofore  usetl  in  (he  Survey  seem  to 
meet  every  re*|iiirement,  and  I  ran  ecnnreive  (»f  no  impi-ovement. 

Fourth.  Tbe  value  of  anything  has  a  ratio  to  lis  eost.  Exiellen<*e 
in  any  line  is  not  achieved  by  clioap  methiNls.  1  do  not  believe  iu 
extravagance,  but  J  do  believe  that  an  attempt  to  do  work  any  cheaper 
than  the  conscientious  assistant  now  does  it  wouhl  be  unfortunate — 
this,  of  course,  as  to  methods:  in  some  of  the  circumstances  of  work 
economy  might  be  ])racticed,  as  hiring  a  horse  and  saddle  instead  of 
team  and  buggy,  when  the  former  wouhl  answer  every  purjjose,  but 
this  would  apply  to  otlier,classes  of  work  as  well  as  toi>ography. 

Xow,  for  an  actual  ctmiparison  of  work :  Last  season  1  made  a  survey 
of  the  water  front  of  Whatcom  and  Fairhaven.  Al)fmt  one  third  of 
the  shore  line  was  very  rocky  an<l  dilhcult.  A  civil  engineer  nmde  a 
survey  of  the  wat^r  front  of  Tacoma,  all  very  easy  shore  line;  the 
amount  of  work  done  in  <»acli  place  was  ap|)r<»\imately  the  same,  prob- 
ably a  mih»  or  two  more  of  short*  line  at  Tacoma:  the  Whatcom  work 
'  wa^s  finished  in  six  weeks,  and,  imhnling  my  own  salary,  cost  about 

(^  $i,(KM),  somewhat  less;  the  Taconni  work  took  more  than  three  months 

i  an<l.cost  over  $;;,(MMK 

I  I  believe  it  can  b(»  readily  demonstrated  that  g<MMl  work  can  be  done 

as  readily  aiid  cheaply  by  the  Coast  Survey  method  as  any  otht»r,  and, 

indeed,  iwore  rapidly  and  more  economically.     If  this  is  true,  then  the 

remaining  ]>roposition  is,  shall    we  do  cheap  work   for  the  sake  of 

I;  greater  economy?    1  say  most  emphatically,  no.     What  is  worth  doing 

i  at  all  is  worth  doing  well.     If  there  is  great  haste  in  obtaining  results 

i;  let  that  work  l)e  dcnie  (piickly,  and  as  a  consequence  <'hea])ly,  and  let  it 

be  called,  what  it  iu  truth  is,  a  reconnaissance,  and  h't  the  (*areful  sur- 

vev  fi^Uow  in  due  time. 

■  As  to  securing  the  most  work  and  the  greatest  accuracy  with  the 

I  least  expenditure  of  time  and  money,  this  I  believe  rests  mainly  upon 

the  assistant  in  charge  of  the  work,  and  that  is  what  we  should  all  en- 

'  di*av<)r  to  tlo — it  is  to  be  secured  by  good  Ju<lgment  and  by  wasting  no 

time. 

He<'urring  briefly  to  the  first  to])ic:  I  have  often  had  trouble  iu 
getting  the  rodnian  to  hold  his  rod  true,  and  it  has  occurred  tome  that 
this  difliculty  jnight  l)e  remedied  b^'  a  small  sight  tube  screwed  through 
the  rod  about  the  height  of  the  eye,  and  across  the  lower  object  end  of 
the  tube  a  small  level,  so  that  the  rodman  could  always  point  the  line 
of  sight  to  the  plane  table,  thus  holding  the  rod  i)erpendicular  U)  the 
line  of  sight,  while  he  could  at  the  same  time  see  the  level  and  keep 
the  rod  from  leaning  to  one  side.  Su<'h  an  ai)i»liance  could  be  cheaply 
made  in  the  Otlice  and  readily  attached  to  any  rod. 
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LKTTKB  FROM  ASSISTAM  F.  W.  PERKINS. 

I  have  your  rommunication  of  the  25th.  Wliile  I  shall  take  much 
interest  in  the  results  of  your  deliberations,  I  am  unable  to  contribute 
any  suggestions  for  the  eonsideration  of  the  Conference. 

I  inoh)se,  however,  two  letters  from  Mr.  J.  C  OhUvStt^fl,  which,  although 
relating  to  the  cost  and  requirements  of  toiM);rraphical  work  of  a  spe- 
cial class,  may  be  of  int(irest  to  you.  These  letters  were  written  at  my 
request  some  years  ago  when  engaged  in  (jollecting  information  as  to 
the  cost  of  diftV*rent  classes  of  t-opographical  work,  a  subject  which  was 
at  the  time  interesting  my  friends  in  Rhode  island. 

Brook  LINE,  Mass.,  February  23,  1885, 
*     *    *    Priros  of  Hiirveys  (topographical)  mado  undor  our  directiou  Lave  ranged 
from  ^2.50  to  $20  «»r  iiini<»  per  acre. 

A  woU-wdiiratttd  Kurvi^yor,  haudlin^  the  iuBtriiiiient  him.sclf,  and  plotting  and 
drawing  hiuiMcJf,  with  two  apprentice  or  cheap-wagc<l  asMistauts,  can  make  a 
map  of  op<*ii  or  lu^arly  «>peii  ground  sutticiently  accurate  for  preliminary  esti- 
mates of  earthwork  and  general  plans  of  roads,  etc.,  for  an  :iverage  of,  say,  $5.  The 
bj'st  system  is  by  plane-table  sheets  for  topography,  I  believe,  but  usuall}',  if  the 
chMraet<'r  of  the  ground  admits  of  it,  the  whole  area  is  laid  out  in  squares  of  100  feet 
}ind  stakes  <Iriven,  to  which   reference  is  made   for  location  of  trees,  fences,  rocks, 

and  buildings,  etc..  and  whirh  stand  till  levels  are  taken  at  all  of  them.     Ordinarily 

•  * 

a  gocxl  many  other  levels  are  taken  for  the  better  delineation  of  the  contours — say 

perhaps  twice  as  many.  For  our  ])urpoHes  levels  should  always  bo  taken  along 
existing  streets,  water  levels,  ground  at  doorsteps,  tloor  levels,  etc.  All  trees 
standing  singly  or  in  grou]>s  are  usually  located,  and  a  few  of  the  finest  in  woods, 
su<-li  as  it  would  be  a  pily  t«>  disregard  in  jdanning,  where  more  important  considera- 
tions did  not  ap])ly. 

Of  ronrsc  it  is  very  dillicult  to  specify  with  such  exactness  the  character  of  a 
survey  as  to  admit  of  the  principle  of  giving  the  work  to  the  lowest  bidder.  The 
surveyor  who  lives  near  the  work  can  usually  <lo  the  work  much  cheai)er  than  one 
who  has  to  pay  traveling  expenses,  so  that  if  the  l<M»al  surveyor  is  not  wretchedly 
bail  and  the  work  very  large  and  important,  we  usually  recommend  the  employment 
of  the  local  man.  \V«*  have  had  some  very  <|ue<'r  specimens  of  draughting  and  often 
gro>.s|y  inaccurate  data  from  such.  It  is  usually  more  economical  to  fix  upon  a  rate 
l»er  acre  or  a  lumj)  sum  and  leave  it  to  the  surveyor  to  give  as  much  time  to  it  as  he 
tan  atlbnl  to.  We  find  that  this  usually  results  in  the  surveyor  saying  that  he 
didn't  make  anything  and  would  have  to  charge  more  next  time.  On  the  other 
hand,  if  the  surveyor  iliarges  by  the  day  with  expenses  he  is  well  enough  satisfied, 
bur  the  owner  who  ])ays  for  the  work  is  generally  left  feeling  very  sore — that  is.  it 
is  very  easy  to  make  a  survey  <*ost  a  great  deal  more  than  the  averag**  c>f  $5  which  I 
have  mentioned.  In  park  work,  where  the  work  is  done  by  hired  men,  the  cost  I 
should  Judge  usually  exceeds  $10  per  acre  and  sometimes  .^20. 

I  send  you  several  lithographic  reductions  of  surveys,  which  have  been  made 
expH'ssly  for  our  pur]>oses.  That  of  "Properties  in  Newyjort"  cost  ■t.S  per  acre,  and 
was  plotted  at  KX)  fw»t  to  an  inch.  Of  course  at  that  price,  with  such  very  rough 
ground,  the  instrumental  work  had  to  be  <Iiminished  and  the  sketching  on  the 
ground  of  contouif*  and  rocks  increased.  It  has  proved  entirely  satisfactory  for  its 
])nrpose  of  ranning  streets  through  and  selecting  house  sites,  but  in  some  cases  the 
design  has  been  or  will  have  to  bo  intelligently  modified  to  avoid  bad  rock  cutting 
and  so  on.-  JStill  it  would  have  been  extravagant  to  have  paid  m.wi.\N.  x!^5^kX^  Vsv^ 
survey  for  the  purpose  in  view.  Part  of  the  streets  have  been  bi\AW'»*?^«^^'^'^'9-'^'^^"''^ 
plan  at  an  average  price  per  running  fuut  {^XXyj  iucln«liug  cni'iV**^'^'^^-^'^'^'^'^'^^^^^* 
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ThB  mnp  nf  "Anpinirall  Hill"  van  an  nmiiiiially  acnirAte  survey,  pIott«<l  At  100 
feet  to  itii  i^l^h,  but  I  dn  not  knotr  whHt  it  roitt. 

Thn  map  of  "  BellB  IbIb"  was  done  liy  conUiU't  at  a  ninnrt  Bitm  according  to  our 
sppi'ilicatioiiB.  It  vtm  jiloltiid  on  sbofltH  at  60  feet  to  au  iD''h,  and  oIho  nn  ooe  sheet 
at  ion  fe«t  to  an  inch.  On  the  iHrgp  Brnle  all  m«a«iireineuts  Incating  iMlatedor 
principal  treeg,  biiiMinjiis.  wlmrviw,  etc.,  werp  nhoH-n,  aliu>  IbvcIh  which  nere  takwi 
at  every  100  feet,  irith  Tithpri>  where  necehsary.  I  can  nnl  remenibeT  (he  pri'ie  plid, 
but  it  738  low.  I  Bhonlit  think  tl,500  or  t2,000. 

The  map  of  "West  Roibnry  P:irk"  wae  plotted  ot  WO  ffct  lo  ud  inch,  as  was  also 
that  nf ''  Muddy  Ricer,''  bnlh  by  hired  sitrveyorR  and  driiughtsmeii  under  the  direc- 
tion of  tha  city  eugineei .  The  party  employed  nn  "WcM  Koxhnry  Fatk'' was  in 
the  field  over  a  year  and  the  druiightBrnen  took  munthn  to  make  thn  plnn  so  that  it 
mnst  have  been  very  coBtly.  At  the  same  time  we  liiiil  already  Ilia i  the  rocks  aie 
very  inaccurately  rep rt.-si)u ted  and  in  many  niseH  not  shown  at  all.  and  in  general 
the  topographical  indicationit  rau  not  ho  implicitly  relied  upon  in  the  longh,  itH'ky 
ground,  I>ut  have  t«  lie  studied  careful);  on  the  ground  while  plunuing.  The 
locating  of  ernrythiiig  that  could  lie  ineaaured  to  with  the  tape  in  probably  qitit« 
accurnte,  nnd  the  luvoling  also,  but  a  much  iiioie  valuable  iuh]i  wouM  bare  Itcen 
made  by  a  siirvej'or  accustomed  to  sketching  ncciirately  on  the  groiiuil  instead  ol 
working  up  instrnnienlal  llelil  iintee  iti  the  office,  and  at  iniirb  IcbS  cost. 

As  to  accuracy  in  general,  the  bouiidiiry  aod  buildings  and  a  fvw  mnuumenta  on 
a  place  should  be  located  with  such  accuritcy  aw  to  pcruiil  a  plan  of  louda  baaud  on 
theoi  to  be  st»ki:d  out  by  a  difTcreut  surroyor  without  any  trouble.  I  ebould  s.iy 
that  orroTH  of  measurement  of  theao  principal  featnrCB  ought  uot  to  exceed  one-tttath 
of  1  percent  on  maps  at  100-foot  scale,  but  that  the  minor  features,  trees,  walkii,  and 
roiula,  stone  walls,  ditches,  rucks,  etc.,  niiglit  have  errors  of  I  p«r  cent  without 
causing  uudue  truuble,  while  the  dclinsiition  of  masses  of  rock  and  woods,  and  the 
location  of  ooiitours  might  be  oven  2  or  3  feet  out.  I  mean  that  the  uiain  skeleton 
in  most  cnKi-9  should  h:(vo  tbnt  degree  of  accuracy,  while  the  filling  in  within  apnces 
of  a  few  inches  on  the  map  might  have  the  degrees  of  error  nioutiouod.  The  render' 
ing  of  a  map  for  reducing  should  be  much  stronger  and  less  detailed  tlian  is  usuiil. 
The  Muddy  Biver  |ilnn  is  clear  and  simple,  although  reduced,  1  think,  from  100  to 
300  feet  to  an  inch,  while  the  tracing  for  West  Kiiibur;  had  to  be  set  aside  and  a 
now  one  made  bocaiiai)  it  was  too  tine  in  the  linos  to  hear  ouo-halfreductiun. 

J.  C.  Olkstkd. 

Brookiink,  Mass.,  Slag  H,  JSSS. 

I  returned  Hodgkius  letter  ae  yuu  wished.  Did  yon  wish  the  maps  returned  idsoT 
He  refers  to  au  cxtrenie  cost  of  surveys  when  he  mentions  920  per  acre.  Of  cours« 
these  are  rare  cases  and  represent  an  amount  of  detail  such  as  he  probably  haa  had 
no  experience  of.  It  includes,  fur  instance,  the  locutiiin  of  every  tree,  with  notes  oa 
to  epecicH,  spread  of  branches,  and  diameter  of  trunk,  also  tl  el  i  neat  ion  of  all  rocka 
and  bowlders  and  accurate  miiusiirements  of  houses  aud  all  artificial  featucct,  and 
test  pits  to  show  the  depth  and  character  of  soil,  besides  vi'ry  nnnierouH  levels  and 
■  •foot  r^ontours  and  drawn  on  a  scute  of  20  or  30  feet  to  au  inch.  Of  course  what  is 
done  for  a  given  price  must  bo  very  carefully  specified,  and  even  then  there  is  iin 
jriiaranty  practically  as  to  the  accuracy  of  all  of  the  work  besides  the  known 
honesty  of  character  of  the  surveyor.  We  consider  a  good  plane-table  siirvoy  tho 
best,  but  for  convenience  of  subsequently  staking  »nt  work  the  surveys  are  usually 
made  by  staking  out  the  wiiute  ground  into  'Jo,  50,  or  100  feet  squares,  as  the  case 
may  be,  in  wliich  case  the  levcl»  and  trues,  t^tc,  are  dctenuiued  li.y  mt^osureuieitt 
from  tliese  stakes.  If  the  price  is  u^i'essivo  it  must  nuiaii  that  too  large  :i  proUt  ia 
charged  or  that  tin;  work  is  not  done  by  the  cheat>est  method,  uf  cunrHu  assumiuy 
that  tlie  (|uality  of  the  result  is  first  rate.  Wages  of  auvvevors  1  believe  run  from 
r-'to*IOjierd:iy.      Wiicn  th-.i-bs  :.rr.  siniill  in  cacnt.  i.irely  .■nicringoxer;.!)!)  JWiea, 

mom  uih-u  uulj'  'JO  ut  S')  to  jO  u*;[i:ii,  tho  gtli<:ti  rvut,  proUt  fur  general  atipenatoo^* 
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ence,  and  expenses  of  all  kinds  (stakes  and  fences)  must  be  covered.    The  fair, 

ordinary  cost  for  a  quality  of  survey  snch  as  suits  our  purposes  is  generally  aboat 

$5  per  acre. 

The  survey  is  generally  made  cheapest  by  thy  surveyor  who  lives  nearest  the 

ground  and  who  handles  the  instruments  himself. 

J.  C.  Olmsted. 


LETTEB  FROM  ASSISTANT  E.  F.  DICKIXS. 

In  reply  to  yours  of  the  25th  ultimo,  T  beg  leave  to  submit  the  follow- 
ing for  your  consideration : 

For  a  general  roast  chart,  where  the  geographical  positions  of  the 
principal  headlands  have  been  determined  by  astronomical  stations 
and  are  not  yet  connected  by  triangulation,  the  intervening  coast  line 
and  topograph}^  can  be  put  in  rapidly  and  with  sufficient  accuracy  by 
a  plane-table  reconnaissance,  such  as  was  made  by  Assistants  Rock- 
well, Pratt,  and  myself,  ahmg  the  coasts  of  Oregcm  and  Washington  in 
1887.  This  plan  might  be  used  to  advant^ige  along  the  coast  of  Alaska 
or  any  other  section  where  it  is  not  desirable  to  wait  for  the  triangula- 
tion to  be  executed.  But  after  the  coast  triangulation  is  completed  1 
think  the  topography  sh(mld  be  tilled  in  with  the  utmost  accuracy, 
especially  the  shore  line,  outlying  rocks,  and  the  positions  of  all  promi- 
nent landmarks  and  landfalls.  As  to  the  accuracy  of  the  contouring  a 
great  deal  will  have  to  be  left  to  the  judgment  of  the  officer  in  charge 
of  the  survey. 

We  are  culled  on  constantly  on  this  coast  for  the  use  of  our  tojw)- 
graphical  sheets  in  the  location  of  wharves,  landings,  chutes,  mills, 
etc.,  and  a  great  many  important  land  cases  have  been  settled  by  the 
use  of  our  topographical  surveys  of  San  Francisco  and  vicinity,  our 
msips  being  ac^cepted  by  the  couits  as  correct,  and  the  marsh  lines, 
high  and  low  water  lines,  creeks,  fence  lines,  and  other  objects  shown 
on  our  sheets  taken  in  defining  and  deciding  the  boundaries  of  impor- 
tant land  claims.  The  error  in  the  California  and  Oregon  boundaiy 
was  discovered  by  a  topographical  party. 

This  is  a  reputaticm  of  which  we  ought  to  be  justly  proud,  and  it  should 
be  our  endeavor  to  keep  our  finished  topography  up  to  the  standard. 

The  cost  of  topography  and  the  rapidity  in  its  execution  depend 
upon  the  character  of  the  country  and  the  amount  of  detail  to  be  put. 
in.  Were  we  called  upon  to  cover  large  areas  of  interior  topography 
and  do  more  rapid  and  less  a<*curatc  work  we  might  adopt  other 
methods,  but  at  present  our  work  is  an  a(!curace  survey  and  too  many 
interests  de])en(l  uiM)n  it  to  allow  it  to  be  otherwise. 

I  do  not  believe  any  ot  us  would  care  to  exchange  our  reputation  for 
quality  for  that  of  quantity,  and  I  think  it  would  be  a  mistake  to 
permit  any  departure  in  our  work  that  would  lessen  it?*  ^\:^v^<xv-j^>^sRr 
fulness  and  value. 
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M'TTKR  KKOX  ASMSTtNT  tt.  I.  VIKXI,. 

Ti]  aii!^wpr  tfi  yiiiir  \i-tWr  nl'  tlii'  l^-ltli  iiiKt.,  I  siihinit  Iho  folloniiig: 

Witli  ri'Tfieiii-e  to  thf  Hint  jiiiyf:c«Moiiiii'llu'  iSiitierinU'rHleiit,  I  wihiM 
Kay  (1)  tliiit  ii  gcHHl  ri'view  iiftlii-  |in'si'iit  statt'of  tlic  UL-iciirciiiiil  Jirt  ot 
t»nii>{;rii|>liy.  with  illiistnitioii!*  of  tin'  viiiiims  t'Dims  nf  tlii-  jilauc  tiilde, 
limy  be  tVniiiil,  i<s  yon  an-  )iriil>iilily  annie,  in  n  patiipltlut  ontitttrd 
■'Thf  cwjiioniii:  iiscorilic  ['lam-  tiiblc  in  'L'ii|>ii;!ra]iliiri)l  Survt-yiiig,"  by 
■FoKiali  I'U'ri-c,  jr.,  ot'tlic  I,',  S.  (i»'olo;;tc;tl  Survey. 

Tliis  j)a|K-i- was  ifail  ami  (lisi-iisscil  iH'liiiv  tlic  lustiliiltoii  of  Civil 
Kiiffiiii'i'rs  nl'  l.imrloii,  Kii;;iaiic1.  aii<I  was  pulilislit-il  iiiKin-  ilK  aii8pi<-t!fi 
ill  1S8«. 

In  addition  lo  lltr  |>iirdy  ;;ovi-riNn(-iitui  woi-k,  mi  nliii-Ii  il  in  iiistially 
(•m|iloy<il,  tlic  |ilinn>  hibit'  luis  liwii  used  by  tin*'  linil«ii-  coinmiSHionerK 
atxmt  KoNt'On,  .Mass.,  and  in  iiiakiii};  Uh'.  drtailt-d  siirvt-yM  ot'tlx-  c-ity<if 
i'ortltiiid,  Mf-.,  l-'airnioiint  Park.  1')itliidi-l|itiia. and  (Owniii'io. 

U.  The  ('la'«sifii-atit)ii  of  to|Mi(;t':i)ihi('al  Niirvoys  mast,  in  my  o])iiiioii, 
iicceiisarily  be  more  or  h-ss  indelinile.  I'nr  ;r(.uera1  |iiir[>i)M>M  llie  mhiii. 
try  wnild  be  partitioiiMl  witli  ix'terencc  In  its  jreidofrieal  Htiiicturp,  but 
tlui  dcsijintttion  ol"  classes  of  parlienlar  surveys  b»  gradoa  would  Im* 
largely  ttoveriied  by  tiic  |H>euliar  featnies  to  bi-  mapped.  A  eoiivonient 
method  of  exjiressin;;  tlie  (-Imrarter  of  any  pieee  of  work,  ami  tbei-elbrc 
its  grade,  would  lie  to  naim*  tlio  si-ale  on  whi<-li  it  is  ri>'iuire<l  to  be  Kur- 
veycl.  aft  l-llMMII),  ele. 

:i.  The  practiee  of  tlie  CoaHt  and  deiHletie  Snrvey  in  the  nse  of  coii- 
toiirs  and  eyuibols  for  tin-  i-epreaeiitatron  of  c-haract eristic  teatiires 
would  seem  to  leave  bat  little  to  be  desired. 

1.  I  bi'lieve  work  i;ould  be  done  inoi-4^1  ritpidly  and  with  a  saving  of 
expense  in  many  eases: 

{«)  By  itsio;;  some  other  material  Uian  backed  drawin;i  paper  in  the 
field  work. 

(Il)  By  Itavin^  only  the  most  im]>iirlunt  ti-iitiiix>s  ropresente<l  on  ttit' 
tield  sheets  by  the  usual  jdane-table  iiietho<ls  and  lilliiit;  in  the  survey 
ti-oin  reeords  made  with  a  transit  and  stadia.  A  small  transit  flttt^l 
with  stadia  liiies  and  vertiejil  aif  ean  be  used  witli  k'*'"'  faeility  in 
siirveyin;;  nta<ls  thron^dt  extensive  uaetsof  wood  where  gn-at  pro- 
eision  of  re]iresentatioii  and  eiuilour  are  not  esseiiliid.  The  krp  of 
Pori-o's  teh-seope.  des4;rTii.-d  in  .bihnsoii's  -'TlK^oryand  Pnutiee  of  Sur- 
>eyiiitr.''  would  insure  llie  ^'eneral  aecnraey  of  this  elass  of  work. 

ir)  By  phcitoKr;q>liy  in  limited  iireas  when  eontrolh-d  by  a  number  of 
well  !oi-aled  points.  I'lioto;rr;)|dis  wonhl  often  be  useful,  aside  from 
ari'ordiiifr  inatei-ial  for  Hlliii;;  in  the  ina|i.  for  they  would  show  tlio 
nature  of  (he  surfaee,  wh.'lher  refiular  or  broken,  snioolli  or  enulwl, 
and  assist  in  the  linal  rejiieseutation. 

(/()  In  surveys  of  uiinor  di-tail  tin-  juisnmtie  eonipass  and  ptrdometer 
may  often  be  found  useful.  Cliui-cirs  Amerieaii  Pedometer  has  given 
good  results  on  comparatively  level  ground. 
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{e)  The  plane  table,  as  now  used  by  this  Survey,  might  be  modified 
so  as  to  admit  of  adjustment  for  eccentricity  without  impairing  its  sta- 
bility. The  weight  of  the  instrument  can  also  be  considerably  reduced 
by  using  aluminum  bipnze  in  constructing  the  movements.  This  metal 
is  largely  used  in  the  mauufacsture  of  instruments  and  is  in  many  ways 
preferable  to  brass. 


LKTTEB  FROM  HUBASSISTAXT  FREMONT  MORSE. 

In  response  to  your  communication  of  January  25,  1  have  but  one  or 
two  suggestions  to  offer,  and  these  briefly,  since  the  time  limit  set  for 
these  replies  in  Washington  has  already  nearly  expired. 

In  reganl  to  the  use  of  contours,  it  seems  to  me  that  the  metbod 
adopted  on  some  of  the  recent  published  sheets  of  strengthening 
certain  cui'ves  (say  every  100,  when  20-foot  contours  are  shown)^should 
be  made  general.  In  rough  and  precipitous  regions  it  is  well-nigh 
impossible  to  trace  curves  on  a  sheet  unless  this  be  done,  and  J  nm 
satisfied  that  the  practice,  once  adopted  on  the  field  sheets,  would  pre- 
vent to  a  great  extent  the  error  of  "  dropped  "  curves. 

One  other  point  I  would  advocate*  in  conne^ttion  with  the  fourth 
paragraph  of  the  Superintendent's  opening  address,  and  that  is  the 
use  of  the  micrometer  eyei>iece  on  the  alidade  in  connection  with  a 
somewhat  longer  rod  than  that  now  in  use,  particularly'  for  rapid 
reconnaissance  work.  1  have  had  some  experiencje  in  this  class  of 
work,  having  done  all  the  planctable  work  on  the  reconnaissance  of 
the  coast  of  Washington  from  (iray\s  Harbor  to  Gape  Flattery.  In 
tliis  work  I  used  a  small  table  about  (as  I  remember  it)  18  by  24  inches, 
with  an  alidade  correspondingly  smaller  than  an  ordinary  Coast  and 
(leodetic  Survey  alidade.  It  was  fitted  with  a  micrometer  eyepiece. 
The  rod  used  was  about  10  feet  long,  with  two  fixed  targets  near  the 
ends.  At  a  convenient  ]>lace,  where  there  was  a  long  stretch  of  sand 
Inacli,  a  series  of  observations  were  made  to  determine  the  nurober  of 
turns  of  the  micrometer  c<nresponding  to  distances  of  100,  200,  3(M), 
rtr.,  metres  up  to  800,  ami  a  table  was  interimlated  for  iutcrme<liate 
ilistances.  Thus  eqni|>i)ed,  the  micrometer  was  used  to  measure  the 
distance  alt)ng  the  entire  stretch  of  coast  from  Point  Grenville  to  Cape 
Mattery,  and  I  have  no  hesitation  in  saying  that  the  work  was  fully  as 
ar(uiat«»  JUS  it  would  have  been  had  the  distances  been  measured  in 
shorter  lengths  with  the  ordinary  rods,  and  that  in  point  of  speed  there 
WHS  no  comparison  between  the  two  methods.  The  average  length  of 
sight  was  about  700  metres  between  stations,  and  in  two  or  three 
instan(M»s,  where  shorter  sights  were  not  practicable  from  the  rough 
nature  of  the  shore  line,  distances  of  1  200  and  in  one  case  about  1 500 
metres  were  measured. 

H.  Ex.  43,  pt.  2 38 
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It  will  thus  be  seen  what  a  derided  advantage  tbe  micrometer  alt 
dade  bas  over  the  ordinary  style  for  tluR  class  of  work,  and  I  have  no 
doubt  that  a  thorough  trial  of  it  in  irmgh  and  mountainous  country, 
that  is  not  too  heavily  timbered,  will  satisfy  any  topographer  of  ita 
utility.  In  smooth  an<!  xettltHl  country,  where  there  is  much  detaU,  it 
may  not  be  of  much  use,  as  in  that  casp  the  observer  must  be  near  the 
object  he  is  delineating  in  order  to  do  it  intelligently. 


LETTEB  FROX  BH.  ('RARI.KN  JIJ>KE:v,  nlUrailTSliTr. 

In  answer  to  the  circular  letter  from  the  Topograph iea I  Conference, 
I  have  the  honor  to  submit  the  following : 

I  shall  not  attempt  to  treat  of  the  firHt  rhree  themes  suggested  in 
your  letter,  but  shall  cotiline  myself  to  a  brief  review  of  what  I  con- 
sider the  best  means  of  secuiing  data  tor  delineating  topographical 
features.  As  a  basis  for  an  extensive  topographical  survey,  I  am  con- 
vinced of  the  necessity  of  an  aecmate  Kysteiu  of  triangulation  as  car- 
ried on  by  the  Coast  and  Geodetic  Survey  as  being  in  the  end  the  most 
economical. 

Id  which  view  I  am  well  supporti^d  by  previous  methods  and  results. 
I  also  highly  approve  of  the  plan  of  ninuing  lines  of  levels  from  well- 
defined  points  on  the  seac^aati  extending  across  the  continent,  bencli- 
marks  being  located  at  convenient  points.  I  am  fully  aware  that  the 
methods  above  recommended  are  apparently  expensive,  but  am  con- 
vinced of  their  economy  in  the  end,  for  it  i.*  work  that  biis  to  be  re- 
peated that  really  proves  expensive. 

For  locating  the  topographic  features  1  most  heartily  rei»)mmend 
the  plane  table,  as  at  present  used  in  the  Coiust  and  Geodetic  Snrvoy. 
The  tnchymeter  attachment  will  prove  to  be  of  advantage  in  mouutaiii- 
0U8  districts,  where  the  stadia  may  also  be  used.  Elevations  on  promi- 
nent points,  as  usuiilly  taken,  will  prove  sutlii-ienc  for  tracing  contours. 

I  do  not  consider  the  results  obtained  by  such  methods  as  captive 
balloons,  rough  reconnaissance,  i)hotiOgraphie  surveys,  and  the  like,  as 
at  all  commensurate  with  the  time,  trouble,  and  expense  involved. 


LETTER  FROB  BR.  A.  L[\nE>EOHI.,  DRAI'(1HTHBA5. 

In  reply  to  your  letter  of  Jaiiuaiy  -."i,  inviting  me  to  send  to  yoiir 
board  any  eommeiits  I  may  desiie  to  express,  I  beg  leave  to  direet 
your  attention  to  the  second  jtart  of  a  report  to  the  fi^uperintendent 
upon  European  methods  of  survejing  and  map  i-oi>rodni'tiou  compare^ 
with  those  practiced  by  the  Coast  Survey. 

This  report  is  base<l  upon  observations  which  1  made  at  Berlin  ant) 
at  Paris  in  1889,  during  the  Ksjiosif  ion.  in  obedience  to  iuatructious  ol 
the  Sni^eriutendent,  dated  June  17,  liS89. 
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I  also  send  a  pamphlet  containing  a  description  of  a  tachymeter  (to 
be  returned);  can  send  you  one  of  the  Breithaupt  plane  table,  and  hold    • 
myself  in  readiness  to  answer  any  specific  questions  you  may  be  pleased 
to  address  to  me. 

U.  S.  Coast  and  Geodetic  Survey  Office, 

Washington^  D.  C,  October  7,  1889. 

Sir:  In  obedience  to  the  instructions  of  the  Superintendent,  dated 
June  17, 1880, 1  have  the  honor  to  submit  herewith,  in  two  parts,  my 
official  report  in  reference  to  cartography,  as  exhibit<*d  at  the  T^aris 
Exposition  of  1881>. 

By  these  instructions  I  w^as  direct^jd  to  make  a  thorough  examina- 
tion of  the  cartogra])hi(j  exhibit,  for  a  twofold  purpose.  First,  1  was  to 
render  a  descriptive  report  upon  the  contributions  of  the  several  exhib- 
itors, giving  statements  of  the  quality  as  well  as  quantity  of  their 
work;  this  is  treated  of  in  Part  i  of  this  report.  Secondly,  I  was 
directed  to  examine  into  the  different  methods  used  by  the  exhibitors 
for  the  production  and  reproduction  of  nuips,  and  to  submit  a  critical 
rei)ort  uijon  their  relative  merits  in  regard  to  style  of  execution  and 
the  saving  of  time  and  expense;  this  is  tn»ati»d  of  in  Paili  ii  of  this 
report. 

The  time  allowed  for  the  prei)a ration  of  this  report  precludes  any 
attempt  at  exhaustiveness,  and  only  snch  matters  have  received  spe<*ial 
attention  as  were  supposed  to  be  of  interest  to  the  Coast  and  iSeodetic 
Survey. 

I  arrived  in  Paris  »luly  28,  ami  calle<l  on  (icn.  William  B.  Franklin, 
U.  S.  Commissioner-General,  and  on  Col.  Victor  Bernard  Derrecagaix, 
Director,  etc.,  presenting  such  letters,  etc.,  as  had  been  provided  me. 
These  gentlemen  afforded  me  every  facility,  and  I  beg  to  express  to 
them,  through  you,  my  appreciation  of  their  courtesy  and  kindness  in 
facilitating  the  work  intrust(»d  to  me.  J  left  Paris  August  5  and  re- 
ported for  duty  at  the  Office  September  2,  1880. 
Yours,  respectfully, 

A.  LlNDENKOHL. 

Prot  T.  C.  Mendenhall, 

Superintendent  U.  S.  Coast  and  Geodetic  Survey, 

Washington,  D.  (7. 


Part  I. — CARToaRAPHic  Exhibit  at  the  Paris  Universal 

Exposition  in  1889. 

Cartography  and  geography  are  not  as  completely  represented  at  the 
Paris  Exposition  in  1889  as  they  were  at  the  Centennial  E3isSa>:s^<5i^xs:^ 
Philadelphia  in  1876  or  at  the  aeogiapliic^  Congress  va.^^^^'^'^ 
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18R1.  The  iLbHen<«  of  Goverummit  exhibits  by  the  greiiter  Dumber  oi 
Euroiieanmonarchieii  at  the  Paris  Es{>0!iitiou  has  been  geuerally  as- 
cribed to  political  motives,  bat  it  may  aNo,  iu  part,  be  dae  to  econom- 
ical motives,  since  these  expositions  occur  at  such  short  iatervals  and 
entail  so  great  an  expense  that  many  States  with  slender  bndgets  may 
not  be  able  to  in<;ur  it.  TTuder  tlieise  circumstaDceB  it  is  fortunate  for 
those  who  went  to  the  hiXpositJoii  for  the  ]>ui'pose  of  seeing  excellent 
workmanship  in  cartography  rather  than  to  inform  themselves  upon 
the  actual  present  state  of  tueveral  European  state  surveys,  for  the 
two  Europi'au  countries,  l'"iarn«  and  awitzerland,  that  have  always 
been  in  the  lead  in  what  is  now  considered  an  absolute  necessity,  viz, 
the  surveying  and  mapping  of  the  public  domain,  make  so  tine  and 
exhaastive  a  display  there  of  their  public  surveys.  It  is,  however, 
only  on  rainy  fXays  or  in  the  tiorenooiis  tliat  these  maps  can  be  exam- 
ined with  anything  like  comfort;  in  the  afternoons  of  every  fine  day 
these  rooms  itre  iiackmt  by  a  cntwd  of  people  more  intensely  French  in 
feature  and  expression  than  I  have  ever  seen  on  any  previous  occasion, 
not.  excepting  one  Munny  aft^'rnnoii  at  thi'  nationnl  gallery  at  Versailles 
during  the  pn>ndest  days  of  the  Empire.  I  should  have  been  inclined 
to  attribute  this  concourse  to  a  strong  development  of  the  taste  fo>r 
ttne  maps  in  the  French  |>eople  hiid  this  not  been  contradicted  by  the 
circumstances  that  at  the  very  same  time  tlie  halls  of  the  exhibit  of 
geography  and  cosmography,  which  »lso  contained  a  tine  collection  of 
maps,  belonged  to  the  most  descrt»l  spots  of  tiie  entire  exhibition. 
It  is  undoubtedly  patriotit;  fervor  or  military  spirit  which  |»rompts  the 
Freitch  to  IVctiiiettt  the  rooms  of  the  War  Department  exhibit,  and 
liven  gi'ii.nted  that  the  more  showy  display  of  miHlels  of  soldiers  in  all 
possible  uuifortns  on  the  same  tioor  with  the  maps  otlers  the  greater 
attitictiou,  yet  there  was  abundant  evidencn  that  the  people  looked 
with  jiride  at:  the  achievements  of  tlie  geographical  branch  of  the  mili- 
tary service.  A  vc^ry complete  cAtalogTie  published  by  the  latter  and 
furnished  free  of  charge,  cont^iins  a  grent  deal  of  interesting  informa- 
tion about  the  maps  as  well  as  surveying  instruments  exhibited  by  the 
War  Department, 

Taking  up  Ihe  consirlcration  ot"  the  exhibit  of  cliarts,  cU:,  by  coun- 
tries, we  naturally  take  firHt  — 

Frawr. — The  most  interesting  exhibit  of  maps,  et^-.,  at  the  whole 
Kxposition  is  that  of  the  French  War  Department.  The  walls  of  two 
laige  rooms  iire  wt  apart  for  the  diKi)lay  of  ma]is,  one  room  for  the 
nuidern  maps,  the  other  for  those  of  ohler  datt\  .\mong  the  maps  of 
older  date  a  section  of  a  m,tp  of  Fritmr  hi/  (Vohoh/  i.s  the  first  to  attract 
our  attention.  It  is  on  a  scale  of  1-8(MUU,  and  was  the  flrst  map  in 
Europe  which  was  based  upon  ge^jdetic  oi)errttii>ns.  <.;omnienced  in 
1733,  it  was  not  Itnished  until  1815.  The  topography  is  represented  by 
long  hachure^,  nsaching  from  the  crest  of  the  hills  to  the  base,  but 
V'ithout  any  special  attemjit  at  niinutcneR.s  oi'  reference  to  steeimesa  of 
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slope.  This  map  appears  again  reduced  to  about  one-fourth  (1-^45600)^ 
and  is  called  ^^Gapitaine's  map  of  France  (called  after  its  author,  Ijouis 
Capitaine,  who  was  Oassini's  as80<nate  and  assistant);  but  here  the 
mountains  are  represented  in  oblique  light.  Noticeable  also  in  this 
room  are  the  ma]>s  of  foreign  exiuii tries  made  by  the  French  engineer- 
geographers  under  Napoleon.  Thus  we  find  maps  of  Italic,  Suabia, 
Bavaria,  the  country  bordering  on  the  Khine,  Egypt,  etc.,  all  engraved  . 
on  copper.  The  method  generally  adopted  by  these  *^  engineer-geogra- 
phers" tbr  the  representation  of  hills  consisted  in  short  hachures  along 
the  lines  of  shortest  descent  with  oblique  illumination.  The  hist  and 
tinest  specimens  of  these  works  is  the  topographical  map  of  Corsica, 
scale  1-100(M)0,  published  in  1824.  Its  realistic  etiect  is  truly  sur- 
prising, 

Ln  a  r(K)m  containing  the  modern  maps,  two  selections  of  the  famous 
nmp  of  France  at  (mce  engaged  our  attention;  these  sections  represent 
the  regions  of  the  Alps  and  of  the  Pyrenees.  This  map  is  engraved  on 
copper  on  the  scale  of  1-8(KM)0  in  27.'i  sheets.  It  was  undei*takeu  for 
the  purpose  ol  superseding  Cassini's,  which  hd4l  been  found  insufficient. 
Surveys  were  commenced  in  1818  and  continued  until  1806.  The  first 
sheet  WHS  published  in  183.'i  and  the  last  in  1882.  This  map  is  univer- 
sally (conceded  to  be  one  of  the  greatest  triumphs  of  caiix)gi*aphy; 
although  composed  of  27.*J  parts,  showing  the  result  of  the  labor  of 
about  800  men,  and  engraved  by  over  05  different  artists,  it  has  the 
appearance  of  having  been  done  by  the  same  hand.  The  topography 
is  engraved  in  such  an  exact  and  crhartu'teristic  manner  that  the  true 
relief  of  each  section  is  conveyed  almost  instantaneously.  The  same 
map  is  redm*ed  to  one-foui-th  (scale  1-820000)  in  33  sheets,  published 
between  1852  and  1883,  and  is  now  being  reduced  to  scale  1-0<KM)00, 
with  parts  of  adjacent  countries  (in  6  sheets).  All  these  maps  are 
engraved  on  copper,  the  relief  represented  by  vertical  hachures  cor- 
responding to  the  inclination  of  the  slope. 

The  i)ublication  of  the  above  three  series  of  maps  had  not  even  been 
finished,  when  experience  taught  that  they  would  not  answer  for  all 
the  i)urposes  for  which  they  were  intended.  For  many  military, 
engineering,  and  internal  improvement  purposes,  the  scale  1-80(KK) 
was  found  to  be  too  small.  Contour  lines  were  desired  as  being  more 
nseful  than  hachures,  and  in  consequence  of  the  employment  of  but  one 
color — black — for  hachures  and  outlines  of  various  kinds,  such  as  roads, 
rivers,  etc.,  these  latter  were  often  so  much  obscured  that  they  could 
only  be  discerned  with  difficulty  by  a  practiced  eye.  To  overcome  these 
defects,  the  geographical  service  of  the  army  has  gone  to  work,  with- 
out loss  of  time,  to  supplement,  or  supplant,  the  above  maps  by  others 
on  larger  scales,  on  which  different  colors  ^re  employed  and  on  whwsfc^ 
hachuring  is  replaced  by  contour  lines  and  crayon  shading*  '^TvsfcXiSi?^ 
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tnap  of  France  is  ou  the  wale  1— "MMMH)  (roiluced  froui  the  surveys  on  the 
Hcale  of  1-40000)  in  050  sheets;  is  engraved  on  zinc  in  6  eolors — water 
hiue^  roads  red,  woods  green,  contour  lines  brown,  lettering  and  in- 
ferior roads  hlacJc,  tinting  gray.  Contour  lines  are  10  metres  apart.  In 
the  8an»e  way  that  the  1-5(K)00  is  to  supersede  the  1-80000  map, 
anotlior  new  one  on  the  scale  of  1-200000  is  to  replace  the  one  on  scale 
1-.*5l*(HK>0;  it  will  be  in  82  sheets,  also  engraved  on  zinc  for  6  colors,  and 
liave  20  metre  curves.  The  illumination  for  the  crayon  shading  is  to 
he  vertical  in  both  series  of  maps  ex(»(»pt  in  the  mountainous  districts 
on  the  smaller  scale,  wliere  oblique  light  has  been  adopted  for  the 
steeper  slopes  in  order  to  save  the  outlines  from  being  obscnred  (I 
supi)08e  on  account  of  better  efle<»t  too).  Finally,  a  map  on  the  sca^e 
of  1-500000,  in  lieu  of  tlie  one  on  1-600000,  in  15  sheets  (14  already  pub- 
lished). This  map,  like  its  predecessor,  takes  in  part  of  adjacent 
countries;  is  lithograi>hed  in  5  colors — wat<.»r  blue,  hachures  brownj 
wochIs  (//rew,  contour  lines  (100  metres  apart)  red,  towns  and  roads 
hlacl'.  The  relief  is  engraved  in  hachures  with  zenithal  light  for  level 
and  oblique  liglit  for  niountaimms  regions. 

The  War  Department  has  also  on  exhibition  three  specimens  of  the 
map  of  Algiers,  engraved  ou  zinc  in  7  colors,  to  comprise  327  sheets  in 
all;  a  map  of  >rexic(),  scale  1-3(M)0000,  and  maps  of  Toncjuin  on  scale  of 
1-100000  in  13  sheets  and  1-500000  in  3  sheets. 

Independent  of  the  maps  of  France  published  by  the  War  Depart- 
ment, there  is  published  by  the  Ministry  of  the  lntt*rior  a  map  of 
France  on  the  scale  of  1-100000,  in  590  sheets,  in  colors — bhte  for  water 
and  altitudes,  green  for  woods,  red  for  principal  roads,  gray  tint  for  the 
relief  (oblique  light),  black  for  lettering,  etc.  This  map  is  based  u]H)n  the 
map  on  scale  1-80000,  but  brought  up  to  date  as  far  as  concerns  public 
roads,  etc.  Thei*e  is  also  a  map  of  France  by  the  Ministry  of  Public 
Works  on  the  scale  1-200000,  in  141  sheets,  engraved  on  copper  in  three 
colors  (bla(*k,  blue,  and  brown).  The  above  review  by  no  means 
exhausts  the  list  of  maps  of  France  published  at  the  expense  of  the 
(lovernment;  and  when  it  is  considered  that  all  these  maps  are  based 
upon  the  etat  major  survey,  which  is  on  the  extremely  small  scale  of 
I  _4(K)00,  it  must  be  admittM  thatCapt.  George  M.  Wheeler,  in  his  rei>ort 
upon  the  (geographical  Congress  at  Venice,  does  not  exaggerate  when 
Im*  says :  ^'  On  the  whole,  it  would  a])pear  that  the  Gov(»rnment  of  France 
has  more  map-makers  than  material  for  maps." 

The  French  hydrographic  service  exhibits  in  two  ])laces,  in  the  build- 
ing of  the  War  Department  and  in  the  i>iivilious  devoted  to  geography 
and  cosmography.  The  surveys  made  before  1S19  are  combined  in  a 
portfolio;  those  of  lat/Cr  date  are  hung  up  on  the  wall.  Among  the 
latter  are  those  of  the  coast  of  Tunis,  of  Cochin  China,  the  Gulf  of 
Tonquin,  the  Straits  of  Magellan,  and  of  French  harbi>rs.  We  had 
just  commenced  taking  down  the  titles  of  these  charts  (although  they 
<an  all  be  found  in  our  olUce  and  in  the  Hydrographic  Office  of  the 
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Navy)  when  we  were  stopped  by  a  soldier  on  duty,  with  the  remark, 
^^Moiisit^ur,  il  n'est  pas  perinis  de  i>rendre  des  notes  ici.^  If  the  guard 
had  beiMi  a  civilian  we  might  have  informed  him  that  we  had  all  these 
charts  at  Washiugton  by  reguhir  exchange  with  the  French  Gov- 
ernment. 

One  ot  the  greatest  sights  of  the  Exposition,  only  excelled  by  the 
Eittel  tower,  is  the  immense  terrestrial  globe  by  Messrs.  T.  H.  Villard 
and  Oh.  Ootard.  It  is  on  the  scale  of  1-lOOOOOD;  the  diameter  meas- 
nres  12*732  metres  and  the  circumf(*ren<':e  40  metres.  A  conception  of 
its  size  may  be  formed  by  a  comparison  with  some  well-known  pub- 
lished charts.  Tims,  it  takes  two  huge  sailing  charts  on  even  a  smaller 
scale  (1-1200000)  to  delineate  the  Atlantic  coast  of  the  United  States 
ii'om  Maine  to  Flori<la.  The  largest  and  best  general  atlases  do  not 
rciich  this  large  scale,  even  for  the  most  minutely  drafted  countries. 
Thus  it  takes  four  sheets  on  scale  of  1-1500000  in  Stieler's  Atlas  to 
show  the  whole  of  Francre,  and  the  same  number  ot  sheets  on  the  same 
scale  for  Germany.  The  globe,  however,  is  not  intended  to  be  sub- 
jected to  very  close  iuspecition,  and  althongh  its  general  accuracy  is  to 
be  highly  commtuided,  the  outlines  of  the  continents  and  their  features 
lire  greatly  generalized.  The  mountain  chains  and  the  bed  of  the 
ocean  are  not  shown  in  relief,  but  by  colors,  because  the  highest 
mountains,  taking  them  at  8  000  m(»tres,  would  appear  at  an  elevation 
of  but  8  millimetres,  a  dimension  whicii  would  be  scarcely  appreciable. 
It  can  not  be  asserted  that  the  construction  of  this  globe  solves  any 
geographic  problem  or  advances  geographical  science,  but  it  certainly 
is  an  interesting  object  to  all  who  take  interest  in  geography,  regard- 
less of  proficiency. 

In  the  pavilion  set  apart  for  "geography  and  cosmography^  there 
is  a  large  collection  of  geographical  maps,  atlases,  relief  charts  and 
globes,  all  by  French  authors,  and  made  at  Paris.  Among  the  maps 
and  charts  there  are  many  that  have  no  special  merit.  It  is  too  often 
plainly  visible  that  the  authors  themselves  were  not  intimately  a€- 
(|Uiiinted  with  their  subject,  and  the  style  of  execution,  as  a  rule,  is 
inferior  to  the  better  class  of  corresponding  German  works.  Under 
these  circumstiinces  it  was  an  agreeable  surprise  to  find  in  the  exam- 
])les  of  the  Universal  Atlas,  by  Vivien  de  Saint-Martin  and  F.  Schra- 
der,  published  by  Hachette  &  Co.,  a  quality  of  work  that  rivals  the 
host  productions  of  England  and  Germany — the  Imperial  Atlas,  by 
Keith  Johnstone,  and  Stieler's  Atlas,  for  instance.  Their  accuracy  is 
unimpeachable,  the  selection  of  names  shows  excellent  judgment,  and 
I  was  especially  struck  by  the  beauty  of  the  hachuring,  which  is  very 
clear,  and  at  the  same  time  sufficiently  mellow  to  leave  to  outlines  and 
lettering  due  prominence. 

In  the  matter  of  relief  charts  the  French  certainly  ev\.\^^^  "^  sg^i^i^ 
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deal  of  6Dtei*i)ride  and  8kil],  and  greatly  surpass  the  GermauA.  Too 
much  space  would  be  required  to  mention  all  the  line  mod<*lH  exhibit-ed. 
but  a  few  may  be  noticed  of  special  scientific  interest.  The  Alpine 
Club  had  a  model  of  Mont  Blanc,  by  Bardin,  and  one  of  Mount  Perdu 
(Pyrenees),  by  F.  Schrader;  but  the  pearl  of  all  was  a  relief  chart  of 
France,  extending  from  Paris  and  Lyons  to  the  MeditrCrranoan,  by 
M'elle  C.  Kleiuhaus.  This,  I  believe,  is  the  relief  constructed  under 
Levasseur's  direotitm,  and  which  attracted  so  much  attention  at  Paris 
in  1875  and  at  Venice  in  1881. 

Switzerland, — Next  to  France,  Switzerland  makes  the  greatest  dis- 
play of  maps.  There  is  the  celebrated  Dufour  atlas  (18^-'(>4),  soale 
1-100000,  in  25  sheets,  engraved  on  copper.  It  is  shown  in  atlas  form 
and  twice  as  a  wall  map;  one  a  geoh)gical  map  and  the  other  retouehetl 
with  the  bnish  to  heighten  effects.  The  latter  especially  rivets  our 
attention  by  its  surprising  plastic  effects.  The  Dufour  map  has,  since 
its  appearance,  been  considered  one  of  the  greatest  mast<'rpieces  of 
cartogi'aphic  art;  its  peculiar  feature  is  the  selection  of  oblique  light 
for  the  steep  slopes,  as  on  the  backbone  of  the  Alps,  and  vertical  light 
for  the  rest  of  the  ina]),  and  it  is  generally  admitted  that  no  other 
methofl  could  have  been  equally  effective  in  bringing  out  the  relief  of 
the  terrain.  There  is  also  shown  a  reduction  of  this  map  t4>  1-1*50000, 
in  4  sheets.  It  would  appear  that  Switzerland  had  very  nun*h  the 
same  experientte  with  these  maps  on  1-100000  that  France  hail  with 
her  1-80000  map,  to  wit,  that  it  would  not  suflice  for  all  practical 
puriK)8es  on  account  of  its  small  scale  and  the  absence  of  contour  lines. 
The  last  sheet  of  this  atlas  had  scarcely  reiwjhed  the  i)ublic  when  the 
Confederation  set  about  publishing  the  i)lane-table  sheets  on  their  full 
scale,  which  is  1-25000,  with  contour  lines  10  metres  apart  tor  the  more 
level  regions,  and  1-50000,  with  30-metre-contour  lines  for  the  moun- 
tainous regions;  the  former  to  be  engraved  on  copper  and  the  latter  to 
be  lithographeil,  and  the  whole  series  to  comprise  561  sheets,  of  which 
about  400  have  been  published  to  date.  Inasmuch  as  this  atlas  is  con- 
structed on  a  different  method  from  the  French  atlas  on  the  same  scale 
and  is  rated  in  Euiope  as  one  of  the  best  models  for  topographical 
representation,  it  may  be  well  to  indicate  the  manner  in  which  the  three 
colors  in  wlii(^h  it  is  printed  have  been  applied. 

Black  is  used  for  lettering,  buildings,  roads,  forests,  for  contour  lines 
where  the  ground  is  bare  of  soil  and  vegetation,  and  also  to  hachure 
steep  slopes  and  steep  rocks  in  oblicjue  illumination;  brown  is  use^l  for 
contour  lines  and  hachures  of  inferior  slopes  in  verticral  light;  blue  for 
water  and  <*onlour  lines  on  glaciers.  However  effective  this  method 
has  j)roved  in  the  hands  of  the  Swiss  for  the  rei)resentation  of  the  Alps) 
the  delineation  of  flat  countries,  like  Denmark,  by  contours  only,  with- 
out shading  or  hachures,  has  been  found  to  destroy  all  natural  eft'ect. 
No  method  of  n^presenting  the  relief  by  contour  lines  has  yet  been 
devised  which  meets  universal  approval.    The  Swiss  also  exhibit  sev* 
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eral  fine  models,  and  in  their  attention  to  this  particalar  method  of 
geographical  and  toi)Ographical  representation  seem  to  be,  with  the 
French,  ahead  of  all  other  nations.  S.  Simon  and  X.  Kufeld  have 
reliefs  of  the  Four  Cantons,  Mount  Eose,  and  the  Jungfrau. 

The  only  other  European  countries  which  have  official  maps  on 
exhibition  are  Servia,  with  sections  of  a  map  of  the  state  on  scale 
1-75000  (that  of  the  Austrian  atlas),  by  its  major-general,  photolitho- 
graphed  in  colors,  contours  sepia  ^  .woods  green,  principal  roads  red; 
tolerably  good.  Bussia  only  shows  a  model  of  the  Caucasus.  The 
Republic  of  San  Marino  has  a  good  MS.  map,  scale  1-10000,  with  contour 
lines  10  metres  apart.  The  Grand  Duchy  of  Luxemburg  contributes 
a  good  topographical  map  on  scale  of  1-40000,  which  also  is  made  the 
base  of  several  special  exhibits,  such  as  geology,  forestry,  telephone 
service,  railroads,  and  archaeology. 

The  excellent  lithographed  maps  of  Holland  (scale  1-50000  and 
1-25000)  were  not  exhibited,  but  there  were  several  river  and  harbor 
charts  in  the  Dutch  section,  showing  proposed  improvements. 

Whatever  may  have  been  the  motive  of  European  governments  in 
withholding  their  national  surveys  from  the  Paris  Exhibition,  this 
policy  does  not  seem  to  have  been  applied  to  the  surveys  of  their 
colonies. 

Holland  has  a  tine  atlas  of  her  East  India  possessions  in  14  sheets, 
with  special  maps  of  Java  and  Sumatra.  As  far  as  regards  England, 
though  neither  the  Ordnance  Survey  nor  the  Admiralty  Charts  were 
to  be  seen,  there  were  very  numerous,  partly  offi(;ia1,  maps  and  charts 
of  the  different  colonies,  especially  of  New  Zealand  and  Australia. 

Mexico  makes  but  a  small  exhibition  of  maps,  though  she  has  un- 
doubtedly taken  great  pride  in  her  proper  representation  in  other 
respects.  There  is  but  one  section  exhibited  of  the  "Carta  de  la  Repub- 
lica  Mexicano,^  by  the  "Comision  (jieogratico,''  under  the  Secretary  of 
War  (contour  lines  with  oblique  shading),  and  1  could  not  ascertjun  if 
there  were  any  more  in  existen(!e.  The  general  map  of  Mexico  (scale 
1-2000000),  although  bearing  tbe  date  1887,  did  not  expecially  re^^om- 
mend  itself.    T  have  seen  much  better  maps  of  Mexico  elsewhere. 

Th^  Hawaiian  Islands  \i2i,v^,  a  general  map,  "based  on  government 
surveys,"  by  S.  (i.  Bishop,  1880,  and  special  maps  of  several  islands  by 
W.  D.  Alexander,  Surveyor-general  of  the  Hawaiian  Government 
survey. 

Japan  makes  a  very  creditable  show.  There  are  exhibited,  besides 
numerous  geological  and  meteorological  charts,  the  following  maps  as  the 
resultof  her  geological  survey,  commenced  in  1880:  Two  reconnaissance 
maps,  scale  1-400000,  and  12  topographical  sectional  maps  with  hori- 
zontal contour  lines,  engraved  in  Tokio.  It  is  to  be  noticed  that  Ja.^*?>xs.S»s 
following  an  American  custom.    Like  our  U.  S.  Geological  avsKs^^-^x^ 
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many  of  the  Sta^  geologiciil  surveys,  it  is  pnblisblDg  principally  and 
primarily  topographical  and  geographical  maps  for  the  wellkuowii 
reason  that  geological  surveys  without  good  topographical  aud  geo- 
graphical surveys  and  maps  as  a  basis  can  not  be  of  permanent  value. 

The  above  list  is  believed  to  complete  the  review  of  countries  which 
exhibited  the  results  of  regularly  organized  government  surveys.  On 
the  i}Q,rt  of  Brazil  aud  many  of  the  Central  and  South  American  Repub- 
lics there  does  not  appear  to  be  a  desire  manifested  to  shroud  their 
geogi'aphy,  but  rather  the  contrary,  a  desire  to  biing  it  into  tlie  most 
favorable  light,  and  several  of  these  countries  have  engaged  the  ser\'ices 
of  eminent  French  artists  (engineer  geographers,  as  they  call  them- 
selves), members  of  the  Geographical  Institute  of  Paris,  to  paint  the 
walls  of  their  palaces  with  maps  of  their  respective  countries,  showing 
at  a  glance  its  geographical  position,  its  shape,  and  general  features. 
Brazil,  Chile  (also  with  3  historical  maps),  Venezuela,  Bolivia,  Nica- 
ragua, and  Honduras  are  shown  in  this  way.  The  Argentine  Republic 
has  adopted  a  method  of  introducing  herself  to  jmblic  notice  which  is 
more  novel  than  aud  quite  as  effective  as  that  adopted  by  her  sister 
Republics,  by  exhibiting  a  huge  model  made  ivs  a  spherical  segment  on 
a  scale  of  1-500000  (vertical  scale  1-100000),  based  upon  the  geological 
examination  of  Drs.  Bnrmeister,  Brackebush,  and  other  explorers. 

The  United  States,  in  their  cartographical  exhibit,  occupy  a  position 
of  neutrality  between  monarchioal  Europe  find  republican  America. 
They  have  sent  their  maps  to  Paris,  but  do  not  appear  to  be  over 
anxious  to  attract  attention.  After  having  repeatedly  looked  all  over 
the  space  allotted  to  the  United  States,  and  inquiring  from  attendant 
to  attendant  I  did  not  suc(»eed  in  finding  a  single  Coast  Survey  chart, 
nor  a  map  of  the  (ieological  Survey  or  U.  S.  Engineer  map,  until  I 
engaged  the  attention  of  one  of  the  assistant  commissioners,  who 
showed  me  a  case  in  a  hidden  recess,  which  he  a,ssured  me  was  filled 
with  such  maps,  but  which  in  no  possible  way  could  have  been  spread 
out  for  the  want  of  sj)aee. 

Models  of  pro])Osed  canals  may  not  strictly  have  been  included  in  the 
line  of  inquiry,  but  since  they  furnish  such  an  attractive  feature  to  the 
F]xposition  it  may  Im*  as  well  to  state  that  the  beautiful  Menocal  model 
of  the  projected  Nicaragua  Canal,  which  was  on  exhibition  here  in 
Washington  about  the  time  it  left  the  artist's  hands,  was  in  successful 
operation,  as  also  were  two  models  of  the  Suez  Canal,  one  for  daylight 
and  the  other  showing  it  illuminated  by  light  houses  for  navigation  in 
the  night.  The  oilicial  guide  hooks  had  also  provided  for  a  model  of 
the  Panama  <  *anal,  but  it  couhl  nowliere  be  found. 

All  the  South  American  Kei)ublics  were  represented  at  the  Paris 
Ex])Osition,  and  those  whieh  had  neither  models  nor  maps  frescoed  on 
the  walls  had  at  least  a  general  map  susi)ended,  but  not  always  of  the 
best  types. 

Uruguay  had  two  maps;  one  by  Don  F.  A.  Berra,  1882,  and  another 
by  Angel  Carlos  Maggiolo. 
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Salvador^  a  map  "political,  escolar,  and  telegraphic,''  by  G.  J.  Daw- 
son, engraved  in  Paris,  1887. 

The  Republic  of  Colombia  had  official  maps  of  the  whole  state  and  of 
the  separate  provinces,  by  Manual  Ponce  de  Leon,  1864. 

Paraguay  had  a  map  without  giving  the  author  or  date. 

Lastly,  Trau8va4il  (South  African  Republic)  had  a  map  by  Fred. 
.Teppe,  1889. 

Part  IT. — On  the  Different  Methods  used  in  the  Publication 

OR  Keproditction  of  Maps  and  Chart.s. 

Before  entering  upon  the  subject  of  different  methods  used  in  car- 
tography, it  seems  proper  to  notice  as  germane  to  the  matter  some 
differences  between  the  metliods  and  custems  followed  in  making 
topographic  surveys  by  the  U.  S.  Coast  and  Geodetic  Survey  on  the 
one  hand  and  European  governments  on  the  other. 

TAnear  meiisure, — In  making  surveys,  it  is  the  custom  in  the  Coast 
Survev  te  make  use  of  the  French  metre  for  horizontal  distances  and 
of  the  foot  for  vertical  distances.  The  necessity  of  a  constant  resort 
to  two  standards  which  are  not  commensurable  is  not  a  mere  incon- 
venienee,  but  an  actual  impediment,  detracting  from  the  accuracy  and 
ra\)idity  of  the  work.  It  would  nowhere  else  be  tolerateiL  Since  it 
is  not  to  be  exj)ected,  however,  that,  alter  having  used  the  metre  since 
1817  for  all  our  geodetic  work,  we  shall  now  go  back  to  the  yard  at  a 
time  when  all  European  governments,  with  the  sole  exception  of 
England,  have  either  introduced  the  metre  or  are  perfecting  measures 
to  that  end,  it  is  to  be  hoped  that  at  some  not  very  distant  day  the 
metre  will  not  only  be  used  for  horizontal  measurement,  but  also  for 
that  of  the  height  of  the  land  and  the  depth  of  the  sea.  Such  is  now 
generally  the  practice  in  Europe;  in  the  flat  countries  contour  lines  are 
given  at  intervals  of  5  and  10  metres,  and  in  the  mountainous  coun- 
tries, like  Switzerland  and  Norway,  at  intervals  of  10  and  30  metres. 

Plane  of  reference,— In  the  Coast  Survey  it  is  the  custom  to  take  the 
high-water  line  as  the  datum  level,  and  to  determine  height  by  the 
plane  table  by  vertical  angles.  In  Europe  all  heights  are  referred  to 
the  mean  level  of  the  sea,  and  no  plane-table  survey  is  undertaken 
unless  a  suliicient  number  of  bench  marks  has  been  determined  by  a 
system  of  precise  leveling.  It  would  probably  be  considered  injudi- 
cious to  make  a  change  in  our  rules  at  this  time  when  our  survey  is 
nearly  completed,  but  our  experience  in  executing  work  for  special  en- 
gineering purposes  is  such  as  to  warrant  the  belief  that  in  the  future, 
in  all  work  of  a  critical  nature  where  a  fraction  of  a  foot  is  a  consider- 
ation, and  for  all  work  which  shall  rigorously  comply  with  the  highest 
scientific  requirements^  th^  effects  of  the  tide  will  have  to  \>ek^ScflS£!Siai^R^ 
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from  the  leyels,  and  the  sensitive  spirit  level  be  substituted  for  the 
alidade. 

Scale  of  plane-table  gheeU. — The  exi»priencc  of  the  Onist  Survey 
through  a  long  M-ries  ol'  years  tviwliea  us  that  the  adopti-il  eicales  for 
tojHigraphie  surveys,  vix:  l-UHHHj  tur  densely  )Kipuliit(-d  districts  or 
intricate  work,  and  one  J-LIMWO  tor  simrsely  inlmliiteil  and  less  valaa- 
ble  sections  of  country,  are  the  very  liest  which  t-ati  hv  devised,  lu 
the  face  of  this  exiwriem-e  it  is  rather  siirpiisint;  to  tind  the  majority 
of  Buropeuii  eoiiiitrie»  using  the  very  small  and  nither  odd  at^ale  of 
1-25<HH)  lor  their  plauf-tahie  surveys.  The  explanation  is  to  be  found 
in  two  circumst  :iu(.-tis,  tJie  lltst  uf  which  relates  to  the  scale  of  publica- 
tion generally  either  1-'>0(KHI  or  I-IOOUUU.  The  .s«:ale  of  1-25000  is  pre- 
ferred to  tliat  ol'  1-20000  Iwcauue  muvh  stress  is  laid  upon  a  aimple 
ratio,  ouc-half  or  oue  fourth  beiug  considered  more  intelligible  than 
one-lifth  or  two  fifths,  'fhe  other  reatiou  lor  the  retention  of  the  scale 
is  to  be  found  in  the  diminutive  sjkcoI' the  Kmopean-plune-table  sheet; 
it  averages  about  17  by  20  inches,  while  in  the  i'oast  Survey  sheets  30 
by  52  are  vorki^d  on  with  tbi-  greatest  facility.  The  desire  to  keep  the 
number  of  plane-table  sheets  within  reasonable  limilK  may  also  prompt 
the  adoption  of  this  otherwise  inconvenient  scale.  It  takes  ii  206 
plane-table  sheets  for  the  auivey  of  the  Oerman  Euipii'e  alone.  If  the 
scale  were  to  be  increased  from  L-25000  to  1-20000  the  number  of 
sheets  would  be  swelled  to  over  8  00(t, 

Scale  of  publicatinn, — llie  Enro]iean  governments  do  not  appear  to 
have  arrived  at  any  agreement  tbr  unifonnity  in  the  M-ale  of  publicar 
tion  of  their  topographical  surveys.  Kngland  adheres  to  1-633410  for 
her  general  maps:  France  has  adopted  l-.'KHtOO  for  her  new  map  iu 
place  of  l-«00(Ht;  (Jennany  and  Switwrland  pn-fer  1-80<HIO,  and  Austria 
I-7.W00.  F»)r  the  coast  of  the  United  States  the  s4-ale  of  1-80000 
was  selected  very  iirobaldy  for  the  reasini  that  at  the  time  the  selectiou 
was  made  the  map  ol'  France  was  the  only  national  publication  iu 
Europe  of  sutticient  merit  lo  be  taken  as  a  luodel.  However,  our  expe- 
lience  with  this  scale  has  not  been  unlike  that  of  Frant*,  as  it  has 
been  tbund  loo  small  for  I  he  preservation  of  all  the  detail  of  the  survey 
and  formally  ])i'ai'tical  purposes.  Thus  the  wliolc  of  the  coast  of  Maine 
had  to  be  i-eprtHluced  on  the  scale  of  1-40000,  and  there  are  harbor 
charts  published  on  a  grcal  vaiiety  ol'  scales  from  l-iXHH>  to  1-00000. 
VVIiile  the  diversity  oCscah'S  can  not  well  be  avoided,  it  would  be  well 
to  follow  European  custom  by  abolisliing  such  scales  lis  l-.'HKHH)  and 
l-<)0000,  and  to  confine  nurselves  to  the  use  of  simple  ratios,  say, 
l-4tMI00,  1-20(MH(,  1-100()0.  etc. 

MKTHOnS  Ol'  I'BOlUKvnoN    VNII   KBPROlllTTION   OP  HAPS. 

In  taking  up  the  subject  of  methods  of  map  prtHluctiou  in  connection 
with  the  Paris  Kxponition,  it  may  lie  just  as  well  to  set  at  rest  the 
question  that  has  been  put  aud  ausMuicd  a  hundred  times,  bat  ia  aoK 
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to  come  up  again.  The  essence  of  this  question  may  be  stated  in  these 
words,  "What  is  the  use  of  going  to  an  exposition  to  look  at  maps 
that  you  can  see  at  home  in  your  library?''  When  you  look  at  a  map 
in  a  library  it  occupies  the  position  of  a  client,  and  you  can  not  entirely 
free  yourself  irom  the  prejudice,  but  when  you  look  at  the  same  map 
in  an  exhibition  you  divest  yourself  of  your  individual  opinion,  you 
act  as  an  umpire  and  reflect  the  general  opinion.  A  good  map  never 
appeiirs  to  bett-er  advantage  than  when  on  exhibition,  and  a  poor  map 
never  looks  worse  than  when  in  contrast  with  better  ones.  It  may 
also  be  stated  at  once  that  some  of  the  modern  i)rocesses  of  map- 
making  did  not  have  their  proper  exponents  at  the  Exposition,  and 
therefore  much  information  had  to  be  sought  for  elsewhere. 

Copper  engraving. — With  all  the  great  advances  that  have  been 
made  within  the  last  few  decades  in  the  method  of  producing  maps,  the 
facrt  stands  out  patent  that  nothing  has  yet  be(in  devised  that  will 
equal  a  good  w>pper-])late  engraving.  For  this  reason  the  most  re- 
spectable establishments  go  on,  as  heretofore,  and  have  their  best 
maps  engraved  on  copper,  and  although  a  great  deal  is  said  about  the 
scarcity  of  engravers,  I  have  not  learned  that  either  the  British  Ad- 
miralty or  the  U.  S.  Ooast  and  (Geodetic  Survey,  both  of  which  carry  on 
very  (extensive  operations  of  this  kind,  have  been  seriously  embar- 
rassed on  this  score.  The  cost  of  the  material  ne^^d  not  be  taken  into 
consideration  at  this  time,  when  copper  is  so  cheap  as  to  be  substituted 
t4)  a  large  extent  for  iron  and  tin  for  common  building  purposes.  The 
advantage's  of  c4)pper  engraving,  besides  the  superior  elegance,  are  its 
durability  and  the  facility  with  which  corrections  and  duplicates  may 
be  m>ul<%  and  its  only  serious  <Iisadvantage  is  the  greater  expense  of 
printing. 

Heliogravfnr. — When  the  Austrian  Government,  in  1875,  emerged 
from  the  field  of  experiment  and  commenced  the  publication  of  its 
atlas  of  720  sheets  by  heliogravure  instead  of  by  hand  engraving,  an 
undertaking  which  1  believe  has  since  been  carried  to  a  successful  con- 
chision,  nof  a  few  people  were  of  the  opinion  thiit,  on  acC/Ount  of  its 
great  saving  in  time  an<l  money,  it  would  in  a  great  measure  supersede 
the  ohl  fashioner  1  style  of  hand  engraving.  Th(».  late  Dr.  A.  Petermann, 
as  appesirs  by  a  contribution  to  his  (reogr.  Mittheilungen,  written 
shortly  before  his  death,*  seems  espex»ially  io  have  taken  quite  an  en- 
thusiastic view  of  the  future  of  heliogi*aphy,  but  we  find  after  a  lapse  of 
over  ten  years  that  it  has  not  made  much  headway.  The  Prussian  Gov- 
ernment, afttT  making  some  experiments,  wisely  determined  to  go  on  with 
hand  engraving,  a;iid  even  at  Gotha  T  could  not  learn  that  any  of  the 
engravers  had  been  pensioned  and  draughtsmen  substituted  for  them. 


•fcfee  Petenimnn'R  Geogr.  Mittheilnngou,  1878,  pp.  205  to  tiV^, 
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aDd  Steiler's  Atlas  is  still  engraved  «>ii  ropper,  as  heretofore.  The 
fiact  appears  to  be  that  the  Austrian  (lovernment  took  to  heliogravure 
more  from  necessity  than  fi-om  (*h(>i(*e;  it  had  allowed  copper  engraving 
to  fall  into  decadence!,  instead  of  nursing  it,  and  in  its  stead  raised  au  ex- 
cellent (Mirps  of  topographical  draughtsmen.  Dr.  Pctermann  estimated 
the  relative  expense  of  engraving  and  heliogravure  as  4  to  1,  and  I  do 
not  think  that  he  exaggerated  the  difference,  but  what  could  be  done 
in  Austria  may  not  be  done  as  well  elsewhere.  Where  will  you  get 
the  requisite  number  of  draughtsmen  who  can  draw  as  sharply  as  an  en- 
graving and  will  not  re<|uire  at  Iciist  as  good  ])ay  as  au  engraver! 
And  what  if  they  spoil  the  job,  not  to  mention  all  the  uncertainties  of 
chemical  and  optical  action  t  The  great  defects  of  heliogravure  are 
common  to  all  patent  procresses  intended  as  substitutes  for  engraving. 
Drawing  never  is  equal  to  an  engraving,  and  the  heliogravure  of  a 
drawing  never  excels  aTid  rarely  equals  the  origuial.  Tlie  great  trouble 
is  with  the  faint  lines,  which  will  not  come  ui>  as'well  as  the  heavy 
ones,  and  for  this  reason,  even  in  Austria,  all  outliueA,^ water  Unes,  and 
straight  liuej*  are  cut  in  by  hand. 

Zinc  engraring, — ^About  the  only  advantage  zinc  has  over  copper  for 
engraving  [>uri)oses  is  its  greater  cheapness.  In  every  other  i^espect  it 
is  inferior.  Its  texture  is  <Tystalline,  it  is  brittle,  and  for  this  reason 
it  will  never  be  a  favorite  with  the  engraver,  who  calls  it  a  rott<m  metal, 
and  will  charge  more  for  work  on  it  than  on  <H>pper.  At  the  French 
War  Department  the  new  map  of  France,  on  scale  of  I-500(K),  is  en- 
graved on  zinc  for  six  colors  on  050  sheets,  which  alone  require*  5  700 
plates.  In  order  t-o  insure  the  proper  registering  of  the  six  plates  for 
each  sheet,  all  the  outlines,  except  the  contour  lines,  whether  intended 
to  be  blacky  blue,  green,  or  red,  are  engraven  on  one  zinc  ])late  and  trans- 
ferred to  the  respective  color  plates  by  dry  prints.  The  engraving 
appears  to  be  quite  well  done,  but  this  is  no  re^ison  why  zinc  engraving 
should  be  recommended  to  other  establishments.  The  French  have 
their  engravers  trained  to  the  metal;  the  work  is  exceedingly  plain, 
and  its  only  advantage  is  the  greater  cheajmess  of  zin(j  com])ar6d  with 
copper,  while  it  has  the  disadvantage  that  it  can  not  be  manipulated 
as  well  by  the  engraver,  and  that  corrections  can  not  be  ma<le  as  easily 
and  repeatedly  as  on  copper. 

Lithography, — Since  the  advent  of  ph<)tolithograi)hy  the  lithograph- 
ing of  maps  has  greatly  falh^n  into  disuse,  and  the  only  reason  that  it 
is  still  carried  on  to  some  extent  in  Europe,  notably  in  the  reproduc- 
tion of  the  piano- t-able  sheets  of  the  Swiss  and  Prussian  surveys,  is 
the  fact  that  there  are  an  abundance  of  good  lithographers  at  hand 
and  a  corresj)onding  want  of  ccjually  good  draughtsmen;  and,  ftirther- 
more,  the  ol)jc<*tion  that  these  governments  do  not  wish  to  change  the 
plans  of  great  national  undertakings  while  under  progress  of  success- 
fill  execution. 

The  reason  why  the  lithographing  of  maps  is  still  persevered  in  by 
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some  private  establishmeiits  is  the  fact  that  mach  lithographing  is 
done  for  cx)mmercial  purposes,  blanks,  bill-heads,  et<;.,  and  the  engrav- 
ers may  better  devote  their  spare  time  to  map-engraving  than  to  idle- 
ness. The  great  objection  to  lithography  for  map-engraving  is  its 
perishable  nature  and  the  difficulty  of  making  corrections.  Although 
it  is  not  a  Isubject  of  emulation,  it  is  a  fact  that  some  of  the  finest 
atlases,  like  those  of  the  ^Netherlands,  have  been  engraved  on  stone, 
and  it  will  fon^ver  remain  a  sul^iect  of  great  regret  to  the  enthusiast  in 
cartography  that  such  a  tine  monument  of  a  model  topographical  sur- 
vey as  that  of  the  former  electorate  of  Hesse-Cassel  should  have  been 
engraved  on  stone  instead  of  on  co])per.  Even  if  it  should  be  possible 
to  preserve  these  stones  in  good  condition  for  an  infinite  time,  they 
are  too  cumbersome  and  exi)ensive  to  warrant  the  experiment. 

Photolithography. — The  introduction  of  photolithography,  about 
twenty  years  ago,  for  the  reproduction  of  maps,  has  wrought  quite  a 
revolution  in  the  practice  of  cartography.  The  possibility  of  having 
it  in  one's  power  to  have  any  map,  in  fact  any  drawing,  reproduced  in 
any  desii*able  number  of  prints,  or  any  desired  scale,  nearly  equal  to 
the  original,  at  the  shortest  notice  and  at  small  expense,  is  the  great 
acluevement  of  photolithogi*aphy.  At  the  time  when  nearly  all  (ihea]) 
maps  were  lithographed,  the  drawings  were  hardly  ever  made  with  the 
finish  which  they  were  expecti»d  to  receive  from  the  hands  of  the  en- 
graver, and,  as  a  consequence,  too  much  was  generally  left  to  the 
judgment  of  the  engraver,  and  errors  crept  in  which  it  was  diffi<!ult  to 
correct  upon  the  stone.  !Now,  with  photolithography  the  mental  work 
is  all  done  by  the  draughtsmen,  as  it  should  be,  and  the  mechanical 
part  only  by  the  artist.  Another  great  advantage  of  photolithography 
lies  in  the  fact  that  the  originals  can  be  kept  without  expense  and  be 
conected  and  reprinted  whenever  required.  Some  of  our  progress 
sketches  have  in  this  way  been  corrected  and  reprinted  for  more  than 
ten  consecutive  years  without  any  iiyury  to  the  drawings.  A  stone 
would  not  bear  such  repeated  corrections,  and  would  represent  a  dead 
capital  whenever  not  in  actual  use.  It  must  not,  however,  be  supposed 
that  photolithograpliing  maps  is  an  easy  matter.  In  order  to  obtain 
the  proper  scale  and  dimensions,  and  to  get  the  photograph  properly 
developed,  a  fine  apparatus,  great  skill  and  experience. are  required; 
all  matters  in  which  different  methods  and  practices,  usually  regarded 
as  secrets  of  trade,  prevail.  There  are  a  number  of  establishments 
in  this  country,  that  are  not  surpassed  by  those  abroad,  which  pay 
especial  attention  to  the  photolithograpliing  of  maps,  and  give  the 
greatest  satisfaction  to  the  several  branches  of  the  Government  from 
which  they  find  extensive  employment. 

Transfers  on  stone  and  zinc. — Whenever  large  editions  of  a  maij  imi<^ 
required  and  great  delicacy  is  not  a  consideration,  it  l\»».'^a«^^*<Xi{ii.  ^^^s^r 
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torn,  in  order  to  save  time  andoxpenw,  to  ju'int  (^])))er  and  ntone 
en^avingK  IVoiit  transfers  on  tttone.  Thi;  [''lODcIi  print  their  new  map 
of  France  in  nix  eolors  and  their  map  of  Algiers  in  seven  <;o1ors,  en- 
grave^ on  ziuc.  and  from  tninttferB  on  zinc.  Tlie  French  apjiear  to  1>e 
altogether  inclined  to  do  too  mnch  chetij)  printing  from  »iiic  tranHfers. 
While  they  oven  phice  in  the.  market  cheap  ziue  transtVr  prints  of  their 
fine  map  of  France,  engraved  on  i-opper,  tlm  German  Government  only 
aells  proofs  from  type  plates.  WImmi  it  is  taken  into  consideration  that  to 
have  the  new  map  of  I'rauce  always  really  for  the  firinter  would  require 
5 700  separate  stones,  w)ii<^h  would  not  only  represent  a  very  iespe<:t- 
able  iiiverttnient,  but  would  also  demand  a  very  large  Ht<)reroom  anil 
prove  a  moHt  unwieldy  mass  of  material,  we  can  appicciate  the  good 
judgment  of  the  French  in  substituting  /.iuc  plates,  all  of  which  can  be 
encompasHcd  in  a  closetof  moderate  dimensions,  alwiiys  ready  and  con- 
venient for  use.  A  great  deal  may  he  said  nguiuKt  the  cmploynieut  of 
many  colorK,  and  the  French  maybe  said  to  have  quite  reached  the 
limit  of  artistic  propriety  and  to  have  gone  more  than  halfway  to  meet 
popular  indolence.  The  employment  of  three  colors — hhick,  blue,  and 
brown  or  red — may  be  considered  quite  suAieieul  Ui  facilitate  the  read- 
ing of  a  map;  still,  the  same  objection  against  the  nse  of  stones  for 
printing  even  with  the  few  colors  holds  good,  and  it  is  rather  a  matter 
of  surjirise  that  the  French  have  no  followei's  in  this  prnctii^.  As  long 
as  our  Government  has  no  establiKliniejit  of  it.-!  own  for  printing  by 
transfer,  it  can  only  be  a  matter  of  inditfercnct!  wlietlier  this  printing 
is  done  from  stone  or  zinc  if  it  is  properly  served  by  private  flmis. 
Some  private  firmii  ilo  a  good  d<^al  of  cheap  printing  fiom  zinc  plates, 
especially  crayon  work,  but  are  tlisposed  to  speak  dis])aragingly  of 
the  use  of  zinc  for  map  printing.  There  maybe  some  prejudice  against 
the  employment  of  nine  by  lith<>grai)hie  printers  on  fiuancial  grounds, 
by  reason  of  a  large  capital  invested  in  stones,  yet  it  remains  true 
that  transfers  on  stone  are  finer  and  in  every  way  su])erior  to  tlmifc 
on  zinc  for  maps  and  line  work,  because  the  zinc,  for  the  maitiim- 
lation,  rciiuires  a  grnin  which,  however  fine,  interferes  with  the  sharp- 
ness of  the  lines.  The  ditticnity  or  impossibility  of  making  con-ection 
on  transfers  on  <;inc  also  operates  against  its  emjiloyment  for  maps  or 
chart  printing.  There  may  be  emergencies,  such  as  happen  in  times 
of  war,  when  it  is  desired  to  obtain  the  greatest  possible  number  of 
prints  at  the  shortest  notice  and  when  the  compliance  with  specifica- 
tions by  which  time  is  h)st  is  suspended :  those  would  appear  to  be  the 
occasions  when  piinting  from  zinc  transfer  would  be  in  order. 

It  may  be  mentioned  in  this  connection  that  the  V.  8.  Geological 
Survey  had  the  subject  of  zincography,  as  practiced  by  the  French 
War  Hcpartment,  brought  to  its  attention,  but  iiftcr  carefully  investi- 
gating the  subject  in  all  its  bearings,  conclndcd  to  defer  action  and  go 
on  in  the  old  style  of  etigraving  on  cojiiH'r  for  three  colors  ami  prluting 
by  contract  from  tiiinsfers  to  slone. 
^^Ho  special  reference  is  made  to  the  process  of  pliotoirincography  its 
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practiced  by  the  English  Ordnance  Office,  because  it  is  only  ap])]ied  in 
the  production  of  parish  plans  on  the  very  large  scale  of  l-250().  Nor 
shall  I  attempt  any  description  of  the  several  processes  of  photograv- 
ure, zincography,  and  photolithography,  as  practiced  at  Vienna,  Paris, 
and  Southampton,  because  such  descriptions  by  a  nonprofessional  'do 
not  amount  to  much,  and  no  secret  is  made  of  their  methods  by  the 
several  governments  and  all  desirable  information  is  always  cheerfully 
furnished. 

After  a  review  ol  the  principal  methods  of  produ(?ing  and  multiply- 
ing maps  I  arrive  at  the  conclusion  that  about  the  same  condition  of 
things  exists  therein  as  in  surveying,  where  there  is  no  such  thing 
known  as  a  universal  instrument,  or  one  that  would  serve  all  purposes 
equally  well,  but  where,  under  certain  conditions  and  for  certain  pur- 
poses, there  is  always  some  particular  instrument  or  some  instrument 
of  peculiar  construction,  which  deserves  preference.  In  a  similar  way  I 
find  that  there  is  no  one  method  of  map  production  that  could  be  rec- 
ommended for  general  adoption,  but  that  each  method  has  its  merits 
and  defects. 


LKTTEB  FBOM  MB.  F.  C.  DOXN.  I>R.4U€iHT8HAX. 

Your  letter  of  January  25  has  been  received  with  inclosed  copy  of 
memorandum  of  the  Superintendent's  suggestions,  and  invitation  to 
send  to  your  Conference,  in  writing,  any  comments  thereon  that  may 
seem  appropriate. 

Thanking  the  Conference  for  the  courtesy  so  extended,  I  beg  leave  to 
say,  that  having  been  out  of  the  field  since  1878,  excepting  several 
short  intervals,  J  have  not  informed  myself  concerning  improvements 
in  instruments  and  methods  of  work. 

Principally  occupied  in  hydrographic  draughting,  but  few  topo- 
graphical sheets  have  been  examined  or  studied.  Those  which  have 
come  under  my  notice,  however,  have  convinced  me  that  a  number  of 
imi^rovements  might  be  made  by  the  topographer  in  the  direction  of 
conventional  signs.  Of  course  the  topographer  who  makes  the  survey 
and  inks  his  own  sheets  has  no  difficulty  in  the  matter,  as  every 
feature  will  be  present  in  his  mind,  but  when  it  is  remembered  that 
few  draughtsmen  are  toi)ographers,  1  think  every  detail  of  the  work 
should  be  so  represented  when  the  sheet  is  finished  that  any  draughts- 
man would  be  able  to  make  a  copy  with  absolute  certainty  as  to  the 
meaning  intended. 

I  will  state  briefly  some  of  the  difficulties  e;^perienced. 

High-water  lines  should  be  continuous,  but  in  some  cases  they  are 
lost  or  covered  up  by  other  features.  These  lines  should  >>e  the  most 
X>rominent  feature  of  a  sheet  and  ^heir  position  never  doubX^S^:^. 

H.  Ex.  43,  pt.  2—39 
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The  line  separating  the  liighlaud  from  the  marsh  is  variously  repre- 
sented by  a  continuous  line,  a  dott^  line,  or  by  a  continuous  line  with 
short  hachures  at  right  angles  to  it,  by  lone  hachures  or  ends  of  the 
parallel  lines  significant  of  marsh  areas.  The  continuous  line  is  often 
mistaken  for  that  of  high  water,  especially  when  creeks  intersect  the 
marsh.  This  making  of  marsh  boundaries  should  be  represented  in 
such  manner  as  would  prevent  the  possibility  of  mistaking  them  for  the 
shore  or  high-water  line. 

Salt  and  fresh  water  marshes  in  many  oases  can  not  be  distinguished 
apart. 

Contours  cause  a  great  deal  of  trouble  because  too  few  heights  are 
given.  In  the  case  of  bhills  or  steep  slopes  when  the  curves  merge 
into  them,  it  is  difhcult  to  fix  the  heights  of  the  crests.  In  inhius 
curves  or  curves  of  dei>ression  the  conventional  sign  is  very  freciuently 
omitted.  The  elevation  of  such  D  curves  should  be  indicated  to  pre- 
vent the  possibility  of  confusion  or  uncertainty. 

These  instances  are  taken  from  practical  knowledge  of  the  difficulties 
under  which  draughtsmen  labor;  the  sheets  containing  them  are  of 
recent  surveys. 

These  points  may  have  already  been  brought  to  the  notice  of  the 
Conference,  and  if  so,  one  more  witness  from  the  draughtsman's  side 
may  give  emphasis  to  the  matter. 

If  I  may  be  permitted  to  make  a  suggestion,  I  will  say  that  the 
oilice  will  be  more  efficiently  served  if  each  topographical  draughts- 
man could*have  a  season  or  two  in  the  field  work  in  sections  wldch 
afforded  him  the  largest  opportunity  to  study  characteristic  features, 
und^  the  direction  of  some  skillful  topographer  of  the  Survey. 


Sttpple:ment  "B. 

the  topography  of  the  coast  and  geodetic  survey,  with  rela- 
tion to  its  development  and  further  possible  differentia- 
tion, with  a  contribution  thereto  of  a  description  of  a 
practicable  method  of  balloon  surveying. 

[By  Assistant  R.  M.  Bache.] 

• 

The  topic  which  I  here  beg  leave  to  present  to  my  fellow  members 
of  this  Conference,  and  crave  for  it  their  careful  consideration,  is  that 
of  topography,  regarded  in  its  broadest  and  also  in  some  of  its  minutest 
aspects,  beginning  with  its  evolution  on  the  Coast  Survey.  In  attempt- 
ing to  present  you  with  this  view  of  inception,  progi*ess,  and  final 
accomplishment,  I  bring  to  bear  an  experience  since  my  boyhood, 
which  experience  necessarily  inclndes  tliat  of  others  as  well  as  my  own, 
digested  finally  m  my  mind,  all  bound  up  in  clear  recollection  of  the 
phiises  through  which  observation  of  others  and  personal  effort  have 
brought  to  me  firm  conviction  upon  the  points  upon  which  I  purpose 
to  enlarge. 

Inasmuch  as  the  development  of  accurate  and  elaborate  topography 
is  a  product  almost  confined  within  the  present  century,  it  will  not  be 
necessary,  in  the  customary  way  of  exhaustive  discussions  of  a  subject, 
to  go  biU'k  to  the  flood,  when  the  dove,  as  assistant  topographer^ 
brought  ill  a  sketch  of  the  condition  of  the  earth's  surface,  followed 
soon  by  Noah's  first  survey  of  th^  summit  of  Mount  Ararat. 

Referring  simply  to  this  country,  where  elaborate  topographical 
methods  and  performance,  partly  of  native  and  partly  of  foreign  incep- 
tion, have  reached  so  high  a  degree  of  excellence  as  at  present,  not 
excelled  at  any  time  abroad,  and  that  within  so  limited  a  period  as 
within  the  century,  I  would  first  of  all  call  attention  to  the  cii'cum- 
stance  of  evolution  everywhere  of  extended,  fine  topography  being 
almost  confined  within  that  limited  period.  Naturally  it  had  to  wait 
for  geodetic  triangulation.  Next,  it  is  to  be  particularly  noted  that  the 
first  piece  of  extended,  accurate,  and  elaborate  topography  in  this 
country  was  that  executed  by  my  father,  Capt.  Hartman  Bache,  then  of 
the  Topographical  Engineers,  U.  S.  A.,  between  the  years  182I-'25, 
several  years  before  the  Coast  Survey  was  in  effective  operation. 
Comparatively  crude  as  it  was  in  graphical  presentation,  as  compared 
with  later  similar  work,  for  at  that  time  conventional  signs  were  very 
unsettled,  the  map  which  was  the  product  of  that  survey,  taking  in 
Charleston  harbor  and  city,  South  Carolina,  including  hydroewfisg^^  •iiSfe. 
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well  as  topof^phy,  and  extending  iiilaiid  much  beyond  the  future 
work  of  the  Coast  Survey,  was  accurate  to  a  degree  seldom  e(iaakMl 
and  never  excelled  for  its  scale,  as  in  the  course  of  Coast  Survey  work 
I  subsequently  had  the  means  of  ascertaining,  and  as  was  similarly 
testified  to  by  Army  and  Xavy  otlicers  during  the  war,  when  they  had 
occasion  repeatedly  to  refer  to  the  work  in  connection  with  military 
operations  near  Charleston. 

Some  twenty-Uve  years  after  the  execution  of  this  work,  when,  as  a 
mere  boy,  with  scarcely  any  exj)erience  of  topogi^aphy,  I  was  pre^^cnt 
at  a  conversation  between  Capt.  (then  Major)  Bache,  and  our  chair- 
man, Mr.  Whiting,  then  my  chief,  who,  young  as  he  was,  was  in  pro- 
ficiency even  then  the  Nestor  of  to])ogra])hy  on  the  Coast  Survey,  I 
heard  on  the  one  hand  the  latter  si)eak  in  the  most  (;omi)limentary 
terms  of  the  excelleiuie  of  that  Charleston  survey,  and  the  former,  on 
the  other  hand,  de])lore  that  at  the  period  concerned  he  had  not  had 
the  facility  for  topographical  work  that  the  plane-table  affords. 

1  do  not  intend  to  imi)ly  by  what  has  been  said  that  this  Charleston 
work  was  executi^d  single-hande<l  by  ('apt.  Hartmau  Baehe.  On  the  con- 
trary, as  I  am  si)eaking  to  the  point,  first  of  all,  of  the  evolution  of  toi>og- 
raphy  in  this  country,  I  wish  it  to  be  clearly  understood  that  he  had 
as  assistants  with  him  several  ofllicers;  for  the  operations  of  the  Topo- 
graphical Engineers  then,  like  those  of  the  Engineers  now,  and  always, 
were  conducted  on  a  generous  sc*ale  of  life  for  educated  men.  The  junior 
oflBcers,  as  assistant  topographers,  were  Lieuts.  James  D.  Craham,  C. 
M.  Eakin,  and  W.  M.  Boyce,  all  belonging  to  the  Topographical  Engi- 
neers. They  were  well  grounded  in  the  princriples  of  accurate  work, 
and  Eakin,  who  with  Boyce  afterwards  went  on  the  ('oast  Survey,  was 
a  born  topographer,  for  the  topographer,  like  the  poet,  is,  as  ycui  know, 
practice  in  his  art  aside,  born,  not  made.  Eakin  coming,  tlirough  his 
advent  upon  the  Coast  Survey,  upon  its  accepted  tf»pographi<*al  instru- 
ment, the  plane-table,  did  not  for  the  future  labor  under  the  disadvan- 
tage which  Maj.  Bache  had  regretted  in  his  own  behalf.  He  did  admir- 
able work  with  that  instrument,  and  being  well  instruete<l  in  it.s  eni- 
plo^nient,  his  pupil,  our  present  chairman,  took  a  much  higher  flight 
than  he  in  excellence,  producing,  with  his  singular  aptitude  for  the 
plane-table  and  topography,  maps  that,  within  their  individual  scales, 
never  can  be  (excelled  in  effective  graphical  delineation  of  ground. 

In  what  1  have  said  there  is  no  disparagement  of  the  foreign  topog- 
raphers who  came  in  with  Mr.  JTassler  as  Superintendent  of  the 
Survey.  They  worked  according  to  the  general  requirements  of  a 
period  when  funds  were  lacking  and  large  areas  had  to  be  hastily  covered 
to  make  a  show  of  prodm^tion,  upon  which  the  very  life  of  the  Survey 
hung.  The  standard  of  accuracy,  moreover,  even  among  surveyors 
and  engineers,  was  tlien  nuujh  lower  than  at  present.  They  worked 
up  to  the  general  r(M|uirenients  of  tlieir  day;  few  men  ever  <h)  more. 
The  paiticular  set  of  men  who  did  more  than  that  i  have  mcutioued 
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aud  my  conviction,  from  having  in  the  field  touched  upon  the  earliest 
work  of  both  native  and  foreign  topographers  in  this  country,  is  that 
the  i)alni  of  excellence  is  due  to  the  former  for  accuracy  and  elegance 
in  topography,  finally  permeating  the  whole  of  that  sphere  on  the 
('oast  Survey,  and  that,  foremost  of  the  men  to  whom  that  resiilt  is 
du(»,  and  without  whose  impress  it  is  questionable  if  the  topography  of 
to-day  would  stand  as  high  as  it  does,  was  our  honored  chairman, 
Henrj'^  L.  Whiting. 

It  follows,  as  a  legitimate  inference  from  the  point  upon  which  I 
first  of  all  dilated,  that  I  deem  the  modernized  plane-table  the  best 
topographical  instniment  extant.  1  say  more,  that  it  is  the  best 
toi>ograi)hical  instrument  [Possible,  for  the  simple  reason  that  it  com- 
bines the  oftice  with  the  field;  that  whereas  the  field-transit  entails 
the  maximum  of  elaborate  notes,  and  the  maximum  of  i)recise  sketch- 
ing, and  not  only  renders  it  possible  and  certain  that  discrepancies 
will  manifest  themselves  eventually  in  i)lotting,  even  when  the  greatest 
care  has  been  taken  in  the  field,  aud  also  that,  to  obtain  final  results, 
there  must  be  a  great  expenditure  of  time,  its  final  product  for 
elaborate  surveys  (and  we  are  supposed  to  be  speaking  only  of  those 
at  i)resent)  is,  as  compared  with  that  of  tlie  plane  table,  at  best  bald 
and  skeleton  like,  unless  play  be  given  to  the  imagination,  which 
should  have  no  part  in  topographical  delineation,  save  in  the  accept- 
ance and  artistic  treatment  of  c<mventional  signs. 

It  follows,  it*  what  I  have  asserted  of  the 'plane-table  as  compared 
with  other  topograi)hical  instruments  be  true,  that  its  performance  in 
given  hands  is  the  most  crucial  test  of  the  expertness  of  a  toi>ographer. 
Every  (jase  in  topography  is,  as  you  know,  a  si)ecial  case,  from  the 
determination  of  the  individual  station,  through  the  details  that  shall 
be  obtained  from  a  particuhir  station,  through  the  whole  succession,  ot 
stations  which  in  sum  produce  a  survey;  which  include  in  their  en- 
tirety the  best  mode,  in  generals  and  particulars,  of  attacking  the 
ground.  Back  of  the  choice  of  a  particular  instrument  for  topography 
lies  tor  good  work  tlie  determination  of  the  question  of  the  scale  to  be 
adopted  for  a  certain  nuip,  a  question  too  often  neglected.  It  should, 
nevertheless,  be  obvious  that  the  scale  to  be  adopted  is  properly  de- 
terminable only  upon  the  basis  of  the  i>revi(msly  settled  question  as  to 
the  exact  puri)ose  of  the  survey.  It  is  as  preposterous  to  adopt  a 
scale  too  large  for  the  precision  and  elaboration  to  be  devoted  to  a 
maj),  as  it  is  to  adoj^t  one  too  small  for  the  precision  and  elaboration 
desirable.  In  any  event,  however,  whether  the  scale  be  well  or  ill 
chosen  for  a  given  purpose,  the  plane  table  remains  paramount  as  the 
instrument  of  instruments  for  topography  on  any  scale. 

Hut  in  saying  this  I  do  not  mean  to  imply  that  the  plane-table  may 
not  emj>Ioy  usclnl  accessories,  however  skillfully  it  may  bii  \^vis^^^^sJ^^• 
Altliougli  it  is,  in  its  modernized  form,  virtually  i>erfect  for  \\js.v^>^'^^^»" 
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I  cau  not  but  think  tliat  some  nsefiil  accessories  to  it  have  not  been 
sufficiently  employed.  In  its  capacity,  through  easy  angling  upon  or 
telemetering  to  subsidiary  objects,  to  determine  them,  nothing  can 
be  conceived  as  affording  greater  facilities  for  all  horizontal  work.  To 
some  degree,  through  the  arc  of  its  alidade,  by  means  of  which  we 
can,  for  moderate  scah^s  and  over  small  regions,  obtain  elevations  with 
sufficient  accuracy,  it  compasses  the  determination  i)f  heights,  and  to 
some  degree  also  it  may  bo  used,  through  its  modernized  alidade,  as  a 
leveling  instrument,  althcmgh  that  nn»thod  of  leveling,  involving^ the 
use  of  the  whole  heavy  instrumiMit,  does  not  in  practice  lend  itself 
favorably  to  the  execution  of  extended  leveling.  I  was  therefore 
driven,  early  in  my  experience  on  the  Survey,  believing,  as  I  did,  that 
our  vertical  work  in  topography  was  unduly  below  in  accuracy  the 
standard  of  our  horizontal  work,  to  employ  si)ecial  leveling  instru- 
ments of  a  gi'eater  or  less  degree  of  precision,  as  the  case  might  seem 
to  require.  About  185.S  I  exhibited  to  Prof.  A  D.  Bache  a  hand  level 
(Locke/s)  which  I  had  used  for  a  short  time,  in  whose  working  he  took 
great  intcM-est,  trying  it  with  me  out  of  a  hotel  window  in  Savannah, 
Ga.  Contc^mptible  as  the  instrument  is  a.s  one  of  precision,  it  yet 
serves  a<lmirably  as  an  accessory  to  plane-table  work  in  a  hilly  country, 
and  at  any  rate,  I  judge,  from  the  evident  ignorance  at  that  time  of 
Prof.  Bache  about  the  instrunuMit,  that  1  had  the  honor,  such  as  it  is, 
of  introducing  it  upon  the  Survey,  where  it  has  proved  useful,  and 
indeed  sometimes,  in  careful  hands,  j)erform8  beyond  what  one  might 
expect  of  it,  as  Prof.  James  1).  Dana  once  proved  to  me,  by  showing 
me  the  results  of  a  line  of  levels  which  he  had  run  with  it  between 
points  of  which  I  had  obtained  the  elevation  by  regular  spirit-level 
determination. 

The  measure  which  I  shouhl  like  to  see  iidopted  for  tine  vertical  work 
in  hilly  country,  in  conjunction  with  scales  not  exceeding  1-5000,  would 
be  the  general  introduction  of  the  spirit  level  for  the  producti(m  of 
critical  points  of  prec^ision  at,  say,  the  moderate  limits  of  half  a  mile 
apart,  over  the  whole  area,  and  of  the  niveau  (Penu^  the  French  water 
level,  wherever  desirable  within  those  limit*.  Just  as  our  delineation 
of  all  horizontal  features  of  a  country  depends  primarily  uiH)n  the 
establishuient  of  critical  points,  supplemented  when  required  by  tan- 
gents, so  the  vertical  delineation  of  the  same  country  should  be 
made  commensurate  in  accuracy  with  its  horizontal  delineation,  by 
means  of  the  establishment  of  critical  points  of  reference  for  elevation. 
My  method  of  accomplishing  this  to  the  best  jwivantage,  in  a  civse 
which  recjuired  special  precision,  although  the  scale  was  only  1-10000 
(for  the  survey  was  *for  minute  geological  purposes),  was  by  running 
some  api)roxiniately  parallel  lines  of  spirit  leveling  through  a  nearly 
square  area  ot  alxmt  100  square  miles,  tying  on,  where  facility  offered, 
intermediately  to  their  termini,  and  then  supplementing  with  other 
levels  within  the  ai^eas  circumscribed,  by  means  of  the  niveau  cPeaUj 
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wliich  I  have  bad  constructed  with  simple  gas  pipe  and  elbows,  the 
whole  instrument  with  its  trii)od  not  weighing  over  5  pounds.  With 
this  rapidly-working  instrument  one  can  run  a  mile  of  levels  with  a 
probable  error  not  greater  than  two  or  three-tenths  of  a  foot,  far 
within  any  necessity  of  scale.  Within  four  years  an  official  of  St. 
Louis,  Mo,  who  was  my  assistant  there  during  the  war,  when  I  made 
a  survey  from  St.  Louis  to  Carondelet  several  miles  below  on  the 
Mississippi,  wrote  me  that  the  aforesaid  work  remained  to  that  day 
the  best  authority  that  the  city  possessed,  whereas  the  work  above  it, 
with  which  mine  joined,  executed  without  any  system  of  leveling,  was 
entirely  worthless  to  the  city.  Yet  the  niveau  d-eau  was  the  sole 
leveling  instrument  used,  carrying  elevations  accurately  over  several 
miles. 

There  is  another  instrument,  useful  as  an  accessory  to  plane-table 
work,  which  I  should  not  omit  to  mention  because  it  happens  to  be  of 
my  own  invention.  This  is  merely  a  telemeter,  reenforced  on  its  back 
by  a  strip  of  wood,  to  stilfen  it,  and  supported  on  a  vertical  stanchion, 
from  which  it  is  detachable,  and  on  which  it  can  be  revolved  by  the 
sketcher  in  the  bow  of  a  boat.  It  is  graduated  to  6  metres,  and  can 
be  read  intermediately  to  1,  for  a  distance  of  300  metres,  or,  of  course, 
by  doubling  up,  to  a  distance  of  600.  For  all  calm  waters,  with 
margins  upon  which  it  is  impracticable  to  stand,  for  all  shores  covered 
witli  high  reeds,  nothing  can  take  its  place.  When  I  look  back  to  the 
time  lost  in  former  years  in  placing  tags  on  withes,  and  then  determin- 
ing their  position,  under  the  difficulties  sometimes  of  special  stations 
for  the  purpose,  the  facility  with  which  I  have  long  been  able  in  such 
places,  with  the  assistance  of  a  good  sketcher,  to  sweep  in  a  large  area 
with  perfect  accuracy  has  been  quite  delightful.  In  such  places  the 
expenditure  of  time  and  trouble,  as  experienced  in  the  general  method 
of  obtcoining  them,  is  reduced  by  comparison  to  nothing. 

Speaking  of  material  things  as  useful  accessories  to  plane-table 
work  should  not  lead  to  forgetting  that  the  service  of  at  least  one  good 
sketcher,  preferably  two,  is  a  most  useful  adjunct  to  the  work  of  the 
chief  of  a  topographical  party,  whose  general  presence  at  the  instru- 
ment, as  the  focus  of  operations,  is  indispensable  to  the  execution  of 
the  most  rapid,  consistently  with  its  being  the  best  work.  This  class 
of  men  has  not  been  sufficiently  fostered  on  the  Survey.  liepresented 
by  individuals  who  assist  like  "  hands,"  carrying,  pulling  an  oar,  etc., 
it  only  needs  that  their  moderate  pay  be  made  continuous,  and  that 
they  be  transported  from  place  to  place,  to  secure  a  class  of  men  as  a 
part  of  the  personnel  of  the  Survey,  that  would  add  immensely  to  the 
relief  of  chiefs  of  toi)ographical  parties  and  prove  of  advantage  in  the 
economical  production  of  work. 

I  mentally  admit  in  my  scheme  for  improving  the  art  of  topographv 
the  largest  range  in  actual  practice.    I  begin  always,  a;^V\i»M'^'*s^^> 
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with  the  question  of  the  purpose  of  the  particular  survey  in  contem- 
plation, upon  which  depends,  as  I  have  also  said,  the  determination  of 
the  scale  which  should  be  adopted.  Upon  the  scale  adopted  for  il,  in 
turn,  shoukl  dei>eud  the  greater  or  less  attempted  elaboration  of  both 
horizontal  and  vertical  w^ork.  A  map  may  legitimately  be  on  a  scale 
so  small  as  to  preclude  detail  to  a  dcfrree  that  necessarily  makes  of  it 
a  sketch  in  character,  but  one  can  not  legitimately  be  on  a  scale  so 
large,  with  reference  to  actual  elaboration,  as  to  profess,  while  in  fact 
virtually  a  sketch,  to  be  ai'curate  and  comprehensive  up  to  the  capiicity 
of  its  scale;  and  yet  that  is  exactly  what  every  large  scale  map,  with- 
out corresponding  accuracy  and  fullness,  and  without  qualifying  notes, 
falsely  professes  to  be.  In  a  word,  the  being  in  fact  that  whi(!h  a  map 
on  its  face  professes  to  be,  is  indispensable  truthfulness  in  topography, 
in  every  delineation  of  the  earth's  surfa(ie,  from  geographical  maps 
down  to  and  through  every  phase  of  topographical  representation. 

In  saying,  as  I  do,  that  the  sole  condition  of  the  truthfulness  of  a  map 
is  that  it  shall  be  that  which  on  its  face  it  pretends  to  be,  is  necessa- 
rily involved  the  sulmissiou  that  maps  may  legitimately  have,  depend- 
ent upon  their  purpose,  and  therefore,  as  should  follow,  ui>on  their 
scale,  various  degrees  of  acjcuracy.  There  is  a  great  gulf  between  the 
survey  and  map  for  the  construction  of  a  fortification  on  hill  and  es- 
carpment and  the  survey  and  map  for  any  other  purpose  that  can  be 
mentioned  as  detailed.  In  the  whole  range  of  survoyin«r,  however, 
one  kind  of  survey  is  no  more  legitimate  than  another,  all  having  their 
appropriate  place,  if  only  the  scale  represents  the  truth  up  to  which 
the  operator  has  worked. 

So  clearly  am  I  of  the  opinion  that  the  present  recognized  extensive 
range  of  surveys  and  maps  have  their  legitimate  provinces  Si>lely  upon 
the  condition  that  they  shall  be  truthful  in  the  pretension  which  they 
make  on  their  face,  that  I  am  emboldened  rather  to  suggest  adding  to 
than  subtracting  from  the  present  range  oi*  map-making  methods  and 
map  products. 

PHOTOGRAPHIC  TOPOGRAPHY  FROM  A  BALLOON. 

I  deprecate  any  hasty,  adverse  conclusions  on  the  subject  which  I 
am  about' to  present.  Experience  in  life  shows  the  general  teudiMicy 
to  resist  innovation.  The  history  of  invention  proves  tlie  fact  conclu- 
sively. Premising  then,  and  insisting,  lest  my  meaning  be  miscon- 
strued, upon  my  recognition  of  the  facts  of  the  possibility  of  failure 
and  the  existence  of  limitations  to  the  applicability  in  places  of  the 
plan  which  I  aui  about  to  suggest  for  particular  ])urposcs  and  placets, 
1  state  now  those  liniitiitirms  to  be,  so  far  as  they  are  at  present  appar- 
ent to  me,  strictly  circumscribed  by  character  of  country,  size  of  scale 
which  it  is  possible  to  use,  and  appropriateness  of  the  method  only 
to  one  specific  kind  of  survey.    But,  as  to  the  last  clause,  it  may  well 
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be  urged  that  if  only  one  purpose  in  anything  be' well  subserved  it  is 
distinctly  a  gain  in  the  affairs  of  men. 

The  idea  of  photograpliic  topography  from  a  balloon  had  occurred 
to  me  before  I  learned  that  it  had  been  thought  of  by  others  and  ex- 
periments tried  with  a  view  to  its  realization  in  practice.  I  was  not 
surprised,  however,  to  learn  eventually  that  the  idea  had  been  con- 
ceived by  others,  knowing,  as  1  well  do,  that  as  never  before  the 
world  teems  mth  ideas  as  to  applied  science.  So  far,  however,  as  I 
am  able  to  ascertain  the  results  of  these  experiments,  they  do  not 
stiind  test  as  results  of  precision,  such  as  warrant  my  re^jai'ding  them 
as  representing  methods  capable  of  executing  regular,  accurate,  relia- 
ble surveying.  But,  on  the  other  hand,  I  venture  to  believe  that  my 
method,  hereinafter  described,  if  applied  strictly  within  the  conditions 
which  I  carefully  note,  will  be  found  to  meet  all  the  requirements 
which  thorough  knowledge  of  the  general  subject  would  impose. 

Given  a  tract  of  moderate  accidents  of  surface,  and,  although  not 
un  wooded,  destitute  of  forest,  and  I  believe  one  would  have  the  physi- 
cal conditions  fulfilled  necessary  to  carrying  out  the  plan  of  survey 
which  I  have  in  mind,  costing  very  little  money,  and  yielding  imme- 
diate results,  which  could  easily  be  refined  upon  as  a  final  product  of 
the  survey.  To  take  a  simple  case,  imagine  that,  in  a  country  such  as 
I  have  described,  a  map  were  required  to  be  made  on  and  for  some 
distance  on  ])oth  sides  of  a  traverse  line  in  process  of  execution.  Select 
two  stations  of  the  line  that  have  been  occupied  by  the  instrument  for 
horizontal  angles  and  mark  them  with  two  disks  of  white  muslin,  say 
stretclied  on  hoops,  of  a  size  determinable  by  the  distance  at  which 
they  are  to  be  viewed  by  the  camera;  midway  on  the  line  between  the 
stations  send  up  a  small  spherical  balloon,  with  a  camera  pointing 
vertically  downward  suspended  from  it,  and  captive  by  four  light  cords, 
two  of  whi(rh  should  coincide  in  position  with  a  vertical  stripe  passing 
around  the  centre  of  the  balloon,  and  adjust  it,  in  an  obvious  manner 
over  the  traverse  line,  at  a  height  which  determines  the  scale  of  the 
map  of  the  area  assumed  to  be  i)ossible  of  delineation.  The  proper 
elevation  of  the  camera  for  the  purpose  of  photographically  including 
a  single  link  of  the  traverse  line,  thus,  as  remarked,  establishing  the 
scale  of  the  map,  could  be  preliminarily  established  by  experiment  on 
the  ground  merely  by  setting  up  the  camera  in  the  usual  horizontal 
l^osition,  so  placed  as  to  distance  from  a  horizontal  base  representing 
the  length  of  a  maximum  traverse  link  as  photographically  to  reduce  it 
to  the  desired  scale;  and  as  to  direction  so  placed  as  to  be  on  the  per- 
pendicular to  the  middle  of  that  base. 

The  balloon  should  be  centered  over  the  point  below  without  instru- 

nientally  aided  observation,  the  vertically  placed  stripe  ranging  along 
th(»  link,  and  the  apparatus  being  anchored  by  light  weig:.l\t>jk^  ^^^^ 
rings  through  which  the  cords  could  reeve,  to  cover  tV^^^^R*^^'^^^  ^^ 
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making  any  adjustment  of  the  length  of  one  or  more  of  them,  growing 
out  of  some  accident  of  the  ground.  On  one  of  the  two  traverse  sta- 
tions representing  a  given  link  of  the  line  the  disk  of  whit-e  would 
necessarily  be  larger  than  that  on  the  other,  so  as  to  indicate  on  the 
photograph  the  direction  in  which  the  survey  proceeded.  The  camera 
would  also  necessarily  play  in  gimbals  of  sufficiently  easy  movement, 
short  of  permitting  it  to  oscillate  with  perfect  freedom,  of  just  such 
ease  of  movement  as  to  permit  it  to  maintain  perfect  horizontality.  In 
addition  to  the  four  light  cords  mentioned,  to  be  attached  as  guys  to 
the  balloon,  for  the  purpose  of  orienting  and  keeping  it  in  position,  a 
free  one,  graduated  downward  in  feet,  and  containing  the  wires  in  elec- 
tric communication  with  the  photographic  shutter  of  the  camera,  actu- 
ated by  a  minute  battery,' would  complete  the  whole  apparatus.  With 
due  care  in  manipulation,  the  camera,  lying  with  relation  to  the  vertical 
stripe  on  the  balloon,  would  be  oriented  with  the  stripe  along  the  given 
link  of  the  traverse  line,  and  register  the  link  essentially  in  the  middle 
of  the  plate,  and  its  termini  within  the  margins  of  the  plate. 

It  stands  to  reason  that  these  operations  would  be  impracticable  in 
a  high  wind  amounting  to  a  gale.  In  a  calm,  however,  or  in  moderate 
breezes,  such  as  are  concomitants  of  fine  weather  for  field  work,  there 
is  apparently  little  ground  to  doubt  that  the  picture  of  the  earth  under 
the  camera  could  be  successfully  taken  in  the  manner  indicated. 

Any  one  who  has  flown  kites,  and  therefore  knows  the  stillness 
of  them  when  proj^erly  constructed  as  to  both  figure  and  attiichment, 
and  when  fully  raised,  can  little  doubt  that  a  miniature,  perfectly 
spherical  balloon,  floating  in  the  atmosphere,  held  at  four  point-s  equi- 
distant from  each  other  around  the  circle,  would  have  no  tendency, 
like  an  ordinary  balloon,  to  sway,  owing  to  the  fact  that  its  center  of 
gravity,  unlike  that  of  the  ordinary  balloon,  would  be  close  to  the 
inflated  body.  It  would  be  like  a  kite  flown  from  four  directions,  but 
much  more  stable. 

How  important  figure  and  attachment  are  in  the  case  of  the  kite  is 
known  to  many  persons  from  experiencjc.  but  as  many  have  not  con- 
sidered what  influence  those  factors  combined  would  effect  in  the  case 
of  a  specially  constructed  captive  balloon,  it  becomes  here  necessary  to 
demonstrate  them,  through  describing  the  construction  and  mode  of 
management  of  the  balloon  adapted  to  the  case  in  hand ;  how,  through 
figure  and  attachment,  the  forces  in  play  may  be  so  combined  as  to 
produce  equilibrium  in  the  object  acted  upon. 

In  the  first  place,  as  to  figure,  the  balloon,  unlike  the  ordinary 
aeronautic  one,  with  its  long  neck  and  remote  car,  would  be  perfectly 
gpherical,  with  the  gimbals  and  dependent  camera  set  close  to  its 
periphery.  Thus  closely  ballastfCd  it  would,  if  free*,  have  no  swinging 
movement,  and  would  therefore  have  no  ten<hMicy  to  swing  when  held 
by  centralized  equiangular  forces  around  its  periphery.  As  for  the 
particular  feature  of  its  attachment,  which  relates  to  the  equalizatioii 
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of  the  forces  designed  to  retain  it  iii  position,  that  would  be  by  fasten- 
ing the  guy  cords  equidistautly  on  a  light  girdle  passing  equatorially 
around  the  sphere  as  resting  when  ascended.  It  will  be  perceived  that 
this  place  of  attachment,  combined  with  the  figure  and  mode  of  bal- 
lasting mentioned,  precludes  oscillation,  even  when  the  lateral  force 
of  wind  is  introduced,  unless,  indeed,  the  balloon  has  not  been  gifted 
with  sufficient  ascensive  force.  The  balloon,  thus  constructed  and 
attached,  should  present  stability  all-dufficient  for  its  object.  But 
additionaUy  to  these  guarantees  of  stability  is  to  be  added  a  momentary 
one  at  the  critical  point  of  tinie  of  taking  the  picture.  At  that  instant 
the  operator  would  stand  directly  below  the  balloon,  holding  in  his 
hands  the  little  battery  and  the  graduated  cord  containing  the  reophores 
actuating  the  photographic  shutter  of  the  camera.  At  that  instant  he 
would  draw  the  cord  tense,  and  simultaneously  complete  the  electric 
circuit  of  the  battery,  and  in  a  small  fraction  of  a  second  the  picture 
would  be  taken. 

The  preliminary  determination  of  the  question  of  scale  will  have 
settled  the  height  of  the  camera  during  the  whole  work,  the  fixing  of 
the  focus  for  that  height,  the  size  of  the  diaphragm  for  limiting 
properly  the  angiilar  aperture  of  the  objective,  so  as  to  obtain  a  sharp 
l)icture,  and  the  maximum  distance  allowable  between  stations,  which, 
however,  should,  for  convenience  sake,  be  as  nearly  equidistant  as 
possible. 

Cameras,  except  some  of  the  English  qnes,  are  now  made  so  ex- 
tremely light,  not  over  five  or  six  pounds  in  weight,  that  the  size  of  the 
balloon  necessary  for  the  purpose  described  would  be  correspondingly 
small.  So  small  a  8U])erficies,  moreover,  as  it  would  contain  could  be 
])repared  without  great  pains,  so  that  the  balloon  would  almost  indefi- 
nitely retain  its  gas.  This  gas  would  necessarily  have  to  be  on  occa- 
sions generated  by  the  surveyor  for  his  own  special  purpose,  and  on 
such  occasions  would  necessarily  be  hydrogen,  heated  air  being  inad- 
missible for  the  purpose  discussed.  In  many  cases,  however,  coal  gas 
wouFd  be  easy  to  procure,  and  could  then  be  emi)loyed.  The  War  De- 
])artment  balloon  service  now  employs  gas  under  high  pressure,  in 
steel  tubes,  easy  of  transportation.  The  use  of  such,  therefore,  would 
attbrd  the  greatest  facility  possible  in  the  operation  herein  described. 

We  are  now  supposed  to  have  secured,  as  the  result  of- running  a 
traverse  line,  in  the  manner  described,  a  number  of  negative  dry 
))late8,  inix)ressed  by  instantaneous  photography.  These  can  be  stored 
away  in  the  dark  compartments  used  for  that  puri)ose  until  such  time 
us  may  be  convenient  to  develop  them.  They  are  often  thus  kept  per- 
fectly safe  for  many  months.  Being  finally  developed  they  are  cut  off 
with  a  diamond  point  at  sueh  angles  as  will  enable  them  to  fit  on 
the  traverse  line  plotted  on  paper  previously  to  its  beinft^«»ssi«ai^^. 
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The  traverse  lino,  as  penciled  to  scale  ow  paper,  subsequently  sen- 
sitized, would  necessarily  fix  the  directions  of  .the  photographic  rep- 
resentations of  its  individual  links,  and  the  photographic  representa- 
•tion  to  scale  of  the  links  on  the  gniund  would  give  the  means  for 
acljusting  the  plates  on  the  pai)er;  an  operation,  it  will  be  perceived, 
thus  checked  by  the  distances  to  scale  as  actually  measured  between 
the  stiitions  of  the  gronncl;  a  perfecit  accommodation  between  the  data, 
as  obtarined  above  and  below,  being  thus  effected  by  a  slight  adjust- 
ment. In  order  to  limit  to  the  minimum  in  spiice,  the  narrow  wedge- 
shaped  blanks  that  must  oci*.ur  between  plates  lying  at  an  angle  with 
ea<;h  other,  corresponding  with  their  relation  to  nature,  along  the  rep- 
resentation on  paper  of  a  traverse  line  thus  treated,  the  line  on  the 
ground  should  be  nin  as  little  zigzag  as  possible. 

By  means  of  lines  tying  on  at  int<?rvals  one  traverse  line  to  another, 
the  same  scheme  of  work  could  be  amplified  laterally.  If  that  were 
done,  however,  one  picture  would  overlap  another,  the  wedge-shaped 
blanks  would  be  multiplied,  and  the  resultant  print  would  be  irregu- 
larly blurred;  and,  worst  of  all,  the  impressions  of  minute  determinate 
objects  would  not  be  super|)osed.  Even  in  this  adverse  case,  however, 
the  elements  would  be  present  for  the  draughtsman  to  reduce  them  to 
a  coherent  whole.  But,  on  the  contrary,  the  running  of  a  single  line, 
all  that  I  advocate  at  present,  embracing  a  consi<lerable  distance  on 
each  side  of  it,  would  give  at  once  data  for  a  very  presentable  map  of 
the  surface  of  the  earth  involved,  and  this  map  would  readily  lend 
itself,  through  the  labors  of  the  draughtsman,  after  having  been  print^nl 
in  the  manner  described,  to  the  refinements  of  being  photographed  or 
lithographed  as  a  whole.  Of  course,  at  its  inception,  such  a  map 
w(mld  be  entirely  destitute  of  exjict  indication  of  vertical  traits,  such 
representation  as  was  made  of  them  by  pliotography  depending  entirely 
upon  the  effect  of  perspective. 

It  should  be  obvious  that,  instead  of  running  a  traverse  line  by  the 
method  hereinbefore  described,  in  which  every  position  of  the  camera, 
supported  by  the  balloon,  is  referred  to  directions  and  distances 
measured  <m  the  ground,  it  is  possible  to  run  a  traverse  line  by  a  looser 
method,  by  nic^ans  of  balUxm  work  alone.  With  a  balloon  always  at  a 
fixed  lieight,  the  scale,  as  has  been  indicatf<*d,  is  also  fixed.  Therefore, 
if  tlie  camera  be  pliu^ed  successively  over  stations  Xos.  2,  'X  etc.,  repre- 
senting disks  successively  place<l  on  the  ground,  combining  in  pairs, 
stations  1  and  3,  2  and  4,  etc.,  tln^n  the  line  can  be  plotted  on  paper, 
and  if  only  its  terminal  points  be  determined,  a  traverse  line  of  addi- 
tional accuracy  would  be  secured,  because  it  would  as  a  whole  be 
oriented.  We  have,  therefore,  ^\ithin  the  possibilities  of  this  method 
of  balloon  surveying,  three  gra<lations  of  accuracy;  first,  where  each 
balloon  result  is  referred,  for  each  link  of  a  traverse  line,  to  direct 
angular  and  linear  measurements  <m  the  ground;  secondly,  where  only 
the  two  ends  of  the  traverse  line  being  determined,  the  line  is  wholly 
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laid  down  by  them;  and,  thirdly,  where  there  are  no  instrumental  de- 
terminations whatever  on  the  ground,  where  the  balloon  camera  doe^ 
the  whole  work,  by  referring  it  to  bright  disks  placed  conveniently  on 
the  ground  with  reference  to  the  topography. 

1  beg  you  to  believe  that  I  could  not  speak,  could  notindeed  think, 
of  a  thing  wholly  untried  as  certain  of  successful  accomplishment.  It 
seems  to  me,  however,  that  the  plan,  attempted  in  the  manner  that  I 
have  devised,  subscribing  to  the  conditions  that  I  have  sought  care- 
fully to  iini)Ose,  is  well  worthy  of  trial  for  the  class  of  work  whose  re- 
quirements I  have  thought  it  might  meet  with  the  great  advantage  of 
cheapness,  expedition,  and  picturesque  delineation  of  certain  country. 
1  confess  that  I  am  sutfieiently  wedded  to  the  belief  that  it  would  jjuc- 
ceed,  to  enable  me  to  say  that  1  should  be  pleased  to  try  the  experi- 
ment with  all  the  opportunities  afibrded  by  a  centre  of  civilization, 
where  are  to  be  found,  combined,  artisans,  material,  and  every  fiuulity 
for  pcTfecting  mechanical  devices,  not  least  among  which  is  the  counsel 
of  experts  whose  assistance  would  render  most  likely,  if  possible,  the 
culmination  of  the  project  in  success. 
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[Presented  by  AasiHtaut  Herbert.  G.OoDEir.] 

REPORT  OF  THE  COMMITTEE  ON  THE  CLASSIFICATION  OF  THE  UNITED 

STATES  FOR  TOPOGRAPHIC  WORK. 

'  The  committee  has  farther  considered  the  question  of  clasHification 
submitted  to  it,  and  respectfully  reports  that,  in  its  judp^ment,  no 
further  subdivision  is  necessary  to  complete  the  work  outlined  by  the 
Conference.  It  suggests,  however,  that  the  slight  changes  recom- 
mended by  the  committee  on  aexsuracy  should  be  adopted,  viz: 

In  Division  A,  coast  work — Section  I — change  the  limits  from  "St. 
Croix  River  to  New  York^  to  read  "  St.  Croix  River  to  Delaware  Bay.'' 
In  Section  2,  change  the  limits  '*  New  York  to  Winyah  Bay  "  to  read 
"  Delaware  Bay  to  Winyah  Bay.'' 

In  Division  B,  interior  work,  we  recommend  that  the  word  "  farm  " 
be  omitted  from  sections  1  and  2,  and  in  section  4,  "Plateau  Regions 
of  the  West"  should  be  changed  to  road  "Great  Plains  of  the  West." 

These  recommendations  are  respectfully  submitted  as  the  final  re- 
port, and  the  committee  requests  that  it  may  be  discharged  from 
further  consideration  of  the  subject. 

OLASSIFIOATION  OF  TOPOaRAPHY  OF  THE  UNITED  STATES. 

■ 

A. — Coast  work. 

(!)  St.  Croix  River  to  Delaware  Bay. 

(2)  Delaware  Bay  to  Winyah  Bay. 

(3)  Winyah  Bay  to  St.  John's  River. 

(4)  Mississippi  Delta. 

(5)  Texas. 

(6)  Southern  California. 

(7)  Northern  California. 

(8)  Oregon  and  Washington. 

B. — Interior  work. 

(1)  Rolling  lands,  like  Kew  England,  New  York,  northern  Kew 
Jersey,  etc.,  excepting  the  mountain  ranges. 

(2)  Flat  lands,  like  southern  New  Jersey,  Delaware,  the  Chesapeake 
Bay  region,  and  the  Atlantic  Coastal  plain  generally. 
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(3)  Prairie  lands,  like  those  of  Ohio,  Indiana,  and  Illinois. 

(4)  Great  Plains  of  the  West. 

(5)  Plateau  reffions  of  Kentucky  and  Tennessee. 

(6)  Appalachian  Mountain  system. 

(7)  Kocky  Mountain  system. 

(8)  Sierra  ITevada  Mountain  system. 

C03IMITTEE  REPORT  ON  ESTIMATED  COST  OF  .SURVEYS  PER  SQUARE 
MILE  IN  TYPICAL  SECTIONS   ON  SPECIFIED  SCALE. 

The  following:  table  consists  of  the  mean  value  of  two  tables  of  e^i- 
mates  furnished  the  committee  of  the  whole — one  by  the  committee  on 
classitication,  to  which  was  given  the  weight  of  one,  and  one  by  the 
special  committee  api>oint<}d  February  17  to  consider  this  subject, 
whose  table  was  given  a  weight  of  two.  The  latter  tiible  was  made 
up  from  individual  estimates  of  eight  members  of  the  board,  those 
members  familiar  with  the  Atlantic  and  Gulf  coasts  estimating  only 
for  these  sections,  and  those  familiar  with  the  Pacific  coast  for  that 
section. 

It  is  evident  that,  owing  to  lack  of  great  experience  among  members 
of  this  Conference  in  the  immense  region  indicated,  tlie  cost  per  square 
mile  assigned  to  these  sections  must  be  largely  apx)r<)ximations.  Closely, 
therefore,  as  the  attention  of  the  Cc^nterenco  has  been  directed  to  the 
matter  of  int<}rior  surveys,  only  time  can  show  how  nearly  it  has 
approached  the  actual  cost  in  each  case. 
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Plane  table  work. 


18  Plane  table,  with 
traverse  auxil- 
iaries. 


20     Plane  table  work. 
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Plane  table  work. 

Plane  table,  with 
traverse  auxil- 
iaries. 

Plane  tablework. 

Plane  table  work. 

I'lnne  t.ible,  with 
traxersc  auxil- 
iaries. 


SUPPLEMEI^T  D. 

REPORT  OF  THE   COMMl'lTEE   ON  THE   MERITS   AND   DEFECTS  OP 

TOPOGRAPHICAL  INSTRUMENTS. 

[Presented  hy  ARsistnut  Aug.  F.  Rotlgers.] 

The  Committee  on  Iiiatrumeiits  has  the  honor  to  report  as  follows: 

Having  examined  the  instruments  in  the  office  of  the  Coast  and 
Geodetic  Survey  and  conferred  with  tlie  mechanician  of  the  Survey, 
Mr.  Fischer,  and  having  visits!  the  office  of  the  Geological  Bureau  and 
conferred  with  its  topographers  and  made  an  examination  of  the  in- 
struments used  by  them,  your  committee  has  concluded  that  the  best 
forms  of  the  plane-table  and  alidade  in  present  use  by  the  Coast  and 
(Te/)detic  Survey  are  susceptible  of  little  improvement  except  in  the 
matter  of  weight. 

There  is  now  in  the  cliarge  of  themechaniiuan  a  plane-table  head,  No. 
8^.{,  used  by  Assistant  Donn  in  the  survey  of  the  District  of  Columbia, 
which,  in  the  opinion  of  your  committee,  is  as  good  a  form  as  can  be 
devised,  with  exceptions  hereinafter  noted,  simple  in  construction  and 
combining  several  recognized  desiderata,  viz:  a  broad  base  plate,  with 
two  tiingent  scre\Vs,  combining  adequate  strength  and  immobility  in  its 
conne<*tion  with  the  plane-table  board. 

For  general  use  or  in  a  very  rough,  mountainous  country  this  head, 
No.  8;J,  would  be  too  heavy,  unless  much  reduced  in  size,  and  this 
would  involve  the  loss  of  some  of  its  elements  of  present  excellence,  and 
it  is  thought  that  by  reproducing  the  form  and  size  of  No.  83,  in  alumi- 
num bronze,  and  with  the  reduced  weight  of  an  aluminum  bronze  board 
the  aggregate  weight  may  be  reduced  to  convenient  portability  for  all 
purposes. 

Your  c^)mmittee,  therefore,  rexjommends  the  manufacture  of  an  alumi- 
num bronze  plane-table  head  of  size  and  form,  exceptions  hereinafter 
noted,  of  No.  83,  and  a  plane-table  board  of  full  size,  to  be  made  of  the 
same  metal  and  with  the  ends  semicylindrical,  with  a  diameter  of  not 
less  than  3  inches,  in  order  to  protect  the  rolled  portions  of  the  plane- 
table  sheet  from  the  short,  sharp  bend  over  the  edges  of  the  board,  as 
is  now  the  case  in  ouv  wooden  board. 

H.  Ex.  43,  pt.  2—40  ^^^ 
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INSTRUMENTS    EXAMINED     IN     THE     OFFICE     OP     THB     aEOLOGICAL 

BUREAU. 

The  forms  of  plane- table  useil  in  the  Geological  Survey  are  radically 
different  from  our  best  instruments,  especially  a  head  and  niiniatare 
board  Uvsed  in  the  traverse  work  of  that  survey.  This  plaue-table  can 
only  be  leveled  by  changing  positions  of  tnjHyd  legs  and  can  only  be 
moved  in  azimuth  by  hand. 

Still  another  form  is  known  as  the  Johnson  patent,  having  ball  and 
socket  motion  for  level  and  change  in  azimuth,  but  without  tangent 
screws.  It  is  understood  that  this  instrument  is  used  in  plane-table  tri- 
angulation,  and  for  interpolation  of  stations  for  toiwgraphic  detail. 

In  connection  with  the  miniature  plane-table  first  mentioned,  a  small 
and  light  alidade  without  telescope  is  used,  and  it  is  understood  that 
in  the  traverse  work  of  the  Survey  the  declinatoire  or  magnetic  needle 
is  depended  upon  for  orientation  and  direction,  and  for  determination 
of  el(»vation,  excei)t  in  special  caBCs,  the  aneroid  barometer  is  used  and 
referred  at  freiiuent  intervjils  of  time  and  distance  to  known  datum- 
planes. 

in  traverse  work,  distiince  traversed  is  obtained  from  wheel  measure, 
either  by  direct  count  of  the  number  of  revolutions  of  a  wagon  wheel 
or  by  the  use  of  an  odometer. 

The  odometer  forms  on  sale  up  to  this  date  do  not  m€^et  with  com- 
mendation from  the  office  of  the  Geological  Survey,  and  the  experience 
of  the  chairman  of  your  committee  indorses  the  idea  that  there  is  great 
room  for  improvement  in  odometer  forms,  leaving  an  ojmju  Held  for  in- 
vention with  ])ractical  ideas  of  the  adaptations  of  such  an  instrument 
In  its  i>resent  form  it  must  be  treated  very  carefully  as  to  rates  of 
travel. 

Your  cx)mmittee  is  of  opinion  that  in  rapid  work,  and  especiallv  in 
reconnoissance,  a  reliable  odometer,  in  dust  and  water  proof  case, 
would  be  of  great  value  in  approximate  determinations  of  distance. 

TTaving  visited  the  office  of  the  Geological  Bureau,  your  committee 
desires  to  express  obligations  to  the  gentlemen  of  that  bureau  for  tbeir 
kindness  and  courtesy  in  explaining  methods  and  exhibiting  the  in- 
strunH'nts  used  by  them. 

NEW  INSTRUMENTS  AND  SUGfiKSTIONS  OF  GHANaES   IN  FORM, 

Vroni  Huff  &  Berger's  Haiul-Book  and  Illustrated  Catalogue  of 
KngiiH'cr's  and  Surveyor\s  Instruments,  ])nblished  in  Boston  iu  ISi^K 
your  committ(»e  makes  the  following  quotation  for  your  iuforination 
and  consideration : 

"  The  ta-chym-eter  (tachymeter)  or  universal  surveying  instrument: 
the  word  is  a  combination  of  the  two  Gieck  words,  "tachus,"  rapid. 
and  ^'metron,"  measure.    There  are  several  words  ui  Webster's  Un- 
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abridged  having  the  first  word  of  the  combination  to  signify  rapidity 
of  execution.  Buff  &  Berger  describe  it  as  "  an  insttument  having  a 
level  on  its  telescope,  a  vertical  arc  or  circle  and  stadia  wires,  and  as 
iulapted  to  rapid  location  of  points  in  a  survey,  since  it  is  capable  of 
measuring  the  three  e/)ordinates  of  azimuth,  altitude,  and  distiince.'' 
Ycmr  committee  has  recommended  the  ordering  of  such  an  instrument, 
or  in  form  for  attiidimeut  to  an  alidade,  for  examination.  From  its 
combination  of  capabilities  it  may  illustrate  the  usual  character  of  a 
"jack  of  sill  trades,''  but  examination  must  be  our  best  guide  to  judge  of 
its  probable  usefulness  as  an  auxiliary  to  more  rapid  work. 

OERTEL  &  SON,   OF  MUNICH. 

The  Secretary  of  the  Conference  has  submitted  to  the  committee  a 
form  of  level  known  as  "  Meissner's  Level,"  manufactured  by  Oertel  & 
Son,  of  Munich,  which  has  the  advantage  of  rapid  adjustment  in  hori- 
zontal plane,  by  means  of  a  single  vertical  milled-hea<i  screw  attached 
to  the  eye  end  of  the  telescope,  doing  away  with  the  old  form  of  base- 
plate and  four  foot  screws. 

Your  committ^ie  is  of  opinion  that  the  Meissner  level,  as  described, 
may  be  made  a  valuable  adjunct  to  a  party  equipment  to  obtain  more 
.  rapid  results  where  the  use  of  a  level  may  be  necessary. 

The  secretary  also  submitted  a  nuigh  drawing  and  description  of  an 
instrument  manufactured  by  Bohne  in  Berlin,  ''Taschen-Niveau,"  the 
first  a  (rerman  word,  the  last  French;  translated  they  mean  a  "pocket 
level."  This  instrument  appears  to  be  a  hand  level  of  more  elaborate 
form  than  the  lock  level  and  has  an  addition  of  a  graduated  arc  for 
measurements  of  horizontal  angles.  It  seems  to  combine  the  lock  level* 
and  the  azimuth  compass  or  Schmalkalder,  of  Coast  and  Geo<letic 
Survey  adoption,  though  represented  to  be  without  a  needle. 

^Ir.  Flemer  has  also  called  your  committee's  attention  to  an  instru- 
ment called  a  distance-measurer,  which  in  method  serves  the  ordinary 
use  of  our  stadia  or  telemeter,  by  having  a  telescoi)e  mounted  upon  a 
base  along  which  the  telescope  slides,  and  by  measurement  of  an  angle 
to  a  distant  object  from  eac*.h  end  of  this  base  the  elements  are  ob- 
tained for  determination  of  the  distance.  This  instrument  does  away 
with  tlie  necessity  for  sending  a  man  with  a  telemeter  to  distant 
points  and,  in  effect,  enables  the  observer  to  determine  distances  to 
objects  without  changing  his  station.  Of  c^)urse  the  elements  of  an 
infinitely  small  base  and  small  angle  of  intersection  of  the  object 
determined  are  involved,  but  it  is  suggested  that  for  rapid  work  and 
reconnoissance  the  distance-measurer  may  be  a  valuable  auxiliary. 

Mr.  Flemer,  the  secretary  of  the  Conference,  hasfiirnished  rough  dia- 
grams of  these  instruments,  and  they  are  at  the  service  of  the  me.\KvU^\.^ 
for  examination. 
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In  coucluding  the  diHcussion  of  iuRtruinoiits  your  i^oiiiiiiittec  recom- 
mends as  follows: 

For  plane- table,  the  present  forms  in  use  by  the  Coa^t  and  Geodetic 
Survey,  and  for  a  plane-table  head,  No.  83,  as  combining  all  require- 
ments, in  general  form,  except  that  there  is  too  little  space  between 
the  plane-table  board  and  plane-table  head,  thus  making  it  incon- 
venient to  manipulate  the  tangent  screws.  This  would  be  probably 
remedied  by  lengthening  the  arms  which  connect  the  movement  with 
the  board.  This  defect  is  a  raiiical  one  aiul  should  be  remedied  in 
reproducing  the  giMieral  form  of  No.  8.*$.  It  should  never  be  forgotteli 
by  manufactun?rs  that  the  milled  heads  to  the  plane-t-able  tangent 
screw  and  clamps  are  never  in  siglit  when  manipulated,  and  for  c<)n- 
venient  and  eftective  use  should  be  as  large  as  conditions  and  projwr- 
tions  will  permit. 

Also  note  exceptions  to  the  positions  of  leveling  screws  in  No.  83. 
They  are  now  above,  but  should  be  bolow  the  base  plate. 

The  plane-table  head  No.  83  is  also  too  heavy,  and  your  committee 
recommends  exjieriments  with  aluminum  bronze  for  reduction  of  weight. 
Thatthe  head  and  board  with  semicylindrical  edge  on  the  sheet- rolling 
side  be  made  of  aluminum  bronze.  That  the  alidade  be  made  of  alumi- 
num bronze,  telescope  tube,  standard  and  ruler,  and  that  if  necessary  the 
latter  be  weighted  to  give  requisite  stability.  The  steel  rulers  are  ob- 
jectionable on  account  of  oxidation;  even  when  nickel-plated  the  rust 
seeks  and  finds  weak  points  to  come  through  the  plating. 

The  verdigris  on  brass  rulei's  is  a  constant  source  of  trouble  in  soil- 
ing fleld  sheets.  It  is  thcmght  the  use  of  aluminum  bronze  may  eliminate 
the  defects  noted. 

It  should  not  be  forgotten  by  manufaeturers  of  the  plane-table  ali- 
dade that  it  is  essentially  a  hand  instrument  and  in  Coast  Survey 
work  is  usually  carried  in  the  hand  many  hours  during  each  day  in  the 
Held.  Convenient  [)ortal)ility  by  hand  is  tlierefore  very  important. 
There  is  but  one  proper  hand-hold  in  carrying  it,  and  that  should  be 
frocf  from  all  jirojections.  A  ])rotuberance  not  noticeable  in  the  tirst 
hdur  of  a  day's  work  becomes  an  unbt»arable  nuisance  at  the  end  of  the 
day,  and  the  use  of  such  an  instrument  continued  during  a  season 
may  produce  a  permanent  injury  to  the  hand. 

It  is  recommended  that  a  circular  semisj>herical  disk  of  sufficient 
diamet<'r,  with  convex  surface  toward  the  hand,  in  carrying  the  ali- 
dade, be  i)Iace<l  around  tlie  upright  ov  pillar,  and  under  the  vertical 
arc  and  alidadi*  screws. 

It  is  recommended  that  the  alidade  ruler  should  not  be  solid,  but 
should  have  an  open  center,  and  that  each  alidade  should  have  a  space 
countersunk  in  the  ruler,  under  tin*  eye  end  of  the  instrument,  to  hold 
a  meter  scale  of  1  oleometers  on  an  l-l(M)00  scale,  3  000  meters  on  a 
1-20000  scale,  the  meter  scale  to  be  held  in  place  by  screws,  removable 
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at  will,  in  case  of  ehauging  scale  of  work;  upper  surfaces  of  scale  to  be 
Hush  with  or  in  same  x)1ane  with  surface  of  alidade  niler. 

Prom  a  form  of  alidade  noted  and  approved  by  your  committee, 
manufactured  by  Fauth  &  Co.,  of  Washington,  for  the  Geological  Bu- 
reau, it  is  desired  to  call  attention  to  the  advantage  of  facing  the  ver- 
tical arc  and  vernier  toward  the  eye  end  of  the  alidade  telescope, 
enabling  an  observer  to  read  an  angle  of  elevation  or  depression  with- 
out moving  the  alidade  or  changing  his  own  position. 

It  is  recommended  that  tlie  alidade  telescope  diaphrngm,  in  addition 
to  the  usual  three  horizontal  lines  for  stadia  measurements,  should 
have  two  half  lines  interposed  on  each  side  of  the  middle  line,  in  order 
to  double  the  distance  of  determination,  the  half  lines  not  to  extend 
more  than  half  way  from  the  circumference  to  the  center  of  field. 

A  member  of  this  Couferencte,  Assistant  R.  Meade  Bache,  has  sub- 
mitted to  your  committee  an  improvement  devised  by  him  in  the  tele- 
meter, and  its  application  in  coast  work.  Mr.  Bache  also  presents 
photographs  showing  the  manner  of  use,  and  a  paper  describing  the 
various  att^iments. 

The  i)hotograph8  mentioned  under  the  textual  description  of  the 
boat  telemeter  are  submitted  for  inspection  with  this  report. 

As  an  auxiliary  instrument  for  mountain  work  your  committee  recom- 
mends the  aneroid  barometer,  as  rec^ently  improved,  desiring,  however, 
to  emphasize  the  importance  in  its  use  of  frequent  reference  to  known 
datum  planes.  ' 

We  recommend  the  trial  of  the  odometer,  and  its  use,  if  a  reliable 
form  can  be  found,  as  an  auxiliary  in  reconnoissance  and  work  upon 
the  1-40000  s(?ale. 

If  the  tachymeter  sliall  be  found  available  upon  examination,  it  may 
be  a  valuable  auxiliary  in  work  upon  the  1-40000  scale. 

Your  committee  would  recommend  examination  of  the  Meissner  level, 
as  described  by  Mr.  Flemer. 

It  would  be  a  great  boon  to  topography  if  an  automatic  gravity  level 
could  be  devised  that  would  be  superior  to  the  present  lock  hand 
level,  and  yet  more  portable  and  less  costly  than  levels  of  precision. 
It  is  the  opinion  of  your  committee  that  an  automatic  gravity  level 
as  suggested  could  be  constructed,  depending  upon  ball  and  socket  or 
equivalent  free  motion,  with  a  weighted  i>eudulum  below  head  of  tri- 
pod, working  on  the  free  point  mentioned  and  rigidly  attached  above 
to  the  usual  form  of  light  telescope  used  in  spirit  levels. 

Subsequent  to  the  preparation  of  the  above  report  and  the  recom- 
mendation as  to  experiments  with  aluminum  bronze  as  a  material  for 
I>lane-table  apparatus,  attention  has  been  called  to  the  inadaptability 
of  the  alloy  named  for  alidade  ruler  arising  from  the  tendency  of  the 
metal  to  soil  the  paper. 
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FIELD  DRAWING  PAPER, 

The  Committee  on  lustrumeuts  having  been  instructed  to  discuss 
and  formulate,  if  possible,  some  practical  recommendations  in  regard 
to  tlie  paper  in  use  and  furnished  by  the  Coast  and  Geodetic  Survey 
for  plane-table  surveys,  suggests  that  one  of  the  first  requirements  of 
accuracy  in  any  plane-table  survey  is  that  the  paper  upon  which  the 
delineations  are  recorded  should  be  as  nearly  perfect  as  possible,  and 
certainly  free  from  all  remediable  defects. 

In  recent  years  the  quality  and  preparation  of  paper  for  field  use 
seems  susceptible  of  great  improvement.  Much  of  the  paper  found  in 
plane-table  sheets,  after  having  been  subjected  to  service  in  the  field, 
becomes  soft  and  fibrous,  and  in  texture  more  like  blotting  paper  than 
Whatman's  antiquarian. 

This  has  become  a  great  evil  in  plane-table  work  and  seems  to  be 
one  universally  complained  of  among  the  topographers  of  the  Coast 
and  Geodetic  Survey. 

When  the  aggregate  cost  of  making  any  given  survey  contained  in 
an  ordinary  plane-table  sheet  is  remembered,  and  when  it'is  remembered 
that  the  value  of  the  survey  for  i)recision  ultimately  depends  upon  the 
original  good  quality  and  proper  preparation  of  the  paper,  it  must  be 
apparent  that  it  is  wise  economy  to  purchase  none  but  the  very  best 
paper  to  be  had  and  to  leave  no  question  of  its  best  preparation  un- 
certain on  indeterminate. 

Your  committee,  in  view  of  the  importance  of  this  question  and  the 
length  of  time  required  for  its  proper  investigation,  would  suggest  to 
the  Conference  that  the  Superintendent  be  reciuested  to  appointan  office 
committee  of  field  experience,  to  be  charged  with  the  investigation  of 
this  question  of  topographic  field  paper,  and  that  careful  experiments 
be  made  to  determine  the  best  quality  and  best  methods  of  backing ; 
the  best  materials,  whether  silk  or  muslin;  the  best  adhesive  materials 
for  backing  (flour  paste  has  defects),  and  the  best  methods  of  season- 
ing plane-table  sheets  in  the  ofllce  before  projections  are  made  upon 
them  or  subjecting  them  to  field  service,  so  that  the  shrinkage  of  the 
paper  after  exposure  in  the  field  may  bo  reduced  to  a  minimum,  and, 
further,  to  determine  by  suitable  experiments  and  field  trials  the  value 
of  zilonite  as  a  substitute  for  plane-table  field  paper.  Such  a  commit- 
tee will  not  be  able  to  arrive  at  secure  conclusions  until  after  the 
exi)irati(>n  of  one  or  two  years,  but  its  conclusions,  if  based  on  care- 
fully digested  facts,  will  be  of  great  value  to  all  plane-table  topog- 
raphers everywhere. 


Supplement  B. 

rules  adopted  by  the  conference  to  govern  topograpmcal 
surveys  in  the  several  typical  regions  considered. 

genera.l  oonsideba-tions. 

In  the  coast  sections,  no  important  modification  of  the  methods  of 
work  and  the  degree  of  precision  at  present  employed  is  practicable 
without  material  loss  of  accuracy,  tending  to  lower  the  present  standard 
of  the  charts  and  to  impair  their  value  to  the  Government  and  to  in- 
dividuals. If,  in  such  surveys,  increased  rapidity  or  diminished  cost 
be  required,  it  should  be  attained  by  the  omission  of  certain  classes  of 
detail  rather  than  by  lowering  the  standard  of  accuracy. 

But  in  the  interior,  for  the  general  purposes  of  topographical  maps, 
we  may  retisonably  relax,  in  some  degree,  the  precision  demanded  for 
charts  of  the  coast. 

While  gross  misinformation  or  failure  to  supply  information  in  regard 
to  important  features  of  the  relief  or  rout.es  of  communication  should 
not  be  tolerated  in  any  survey  of  higher  grade  than  a  rough  reconnais- 
sance, it  may  be  accepted  as  true  that,  in  the  present  state  of  public 
needs,  a  map  may  be  imperfect  in  the  location  of  some  natural  and 
artificial  features  and  yet  serve  ordinary  purposes  for  which  a  topo- 
graphic map  is  required,  provided  the  general  outline  or  skeleton  of 
roads  and  streams  has  a  good  degree  of  relative  accuracy  between  its 
different  parts,  and  provided  the  critical  points  of  the  relief  are  correctly 
determined  in  elevation. 

It  is  not  desirable  to  make  geographic  representations  for  mere 
pictorial  effects  and  announce  the  result  as  surveys.  In  aU  surveys 
for  .the  distinctive  piu^pose  of  acquiring  and  giving  knowledge,  the 
water  courses  and  their  sources,  the  drainage  basins  and  valleys,  the 
form  and  elevations  of  the  divides,  and  routes  of  communication  are 
the  essential  features,  common  to  all  sections,  that  should  not  be  neg- 
lected, even  when  the  survey  is  made  on  a  small  scale. 

The  recommendations  in  the  following  "  Eules  for  topographic  sur- 
veys," specifying  the  grades  of  accuracy  which  should  be  attained  in 
different  type«  of  country,  define  the  character  of  the  surveys  which, 
in  the  opinion  of  the  Conference,  best  combine  considerations  of  mod- 
t»rate  cost,  rapid  execution,  and  usefulness  for  general  purposes. 

The  members  of  the  Conference  believe  that  maps  of  a  settled  or 
prospectively  valuable  region  made  on  a  lower  grade  thaiv  tkss^^^vi>55>ax- 
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mended  would  not  return  a  fair  equivalent  for  the  money  expended 
upon  tliem. 

Should  it  nevertheless  be  neeessary  to  make  surveys  of  a  character 
inferior  to  those  that  have  been  defined,  sucli  work  should  be  under- 
stood and  a4*knowledged  as  sewmdary  or  ehoro^raphie  work. 

In  eonforniity  witli  the  resolution  adopted  by  the  Conference  recom- 
mending the  use  of  the  metre  ais  the  unit  of  hei^rht  as  well  as  of  dis- 
tan(*e,  alternative  expressions  giving  the  (»orres]K>nding  values  which 
ill  the  use  of  the  metric  system  should,  in  the  opinion  of  the  C(mference, 
replace?  the  customary  intervals,  have  been  added  U)  each  paragi^apli 
in  which  reference  was  made  to  contour  intervals  or  ])re<!i8ion  of  eleva- 
tions. 

The  Conference  is  sensible  that  certain  discrepancies  are  thus  intro- 
duced, as  when  20-foot  cui*ves  are  replaced  in  one  instance  by  S-metre 
and  in  another  case  by  10-metre  curves,  or  when  40-metre  intervals  are 
recommended  as  substitutes  for  100-tbot  intervals.  It  thinks,  however, 
that  the  advantages  to  be  gained  outweigh  nice  considerations  of  con- 
sistency. 

The  fixing  of  intervals  with  the  foot  as  the  unit  was  largely  con- 
trolled by  precedent  and  by  the  desirability  of  preserving  intervals 
which  should  be  aliquot  i)arts  of  100  feet. 

In  making  the  radical  change  to  the  metric  system  it  has  seemed 
desirable  to  base  our  intervals,  in  a  general  way,  upon  a  somewhat 
similar  consideration  of  the  100-metre  intervals  as  grand  units  of  ele- 
vation, and  at  the  same  time  to  introduce  in  some  cases  rather  smaller 
intervals  than  the  20-foot,  and  in  other  cases  to  give  somewhat  greater 
fre^jdom  and  rapidity  by  increasing  the  interval,  the  change  of  unit 
enabling  us  to  bring  about  these  variations  in  a  perfectly  natural  way. 
The  use  of  the  40-metre  intervjil  in  certain  cases  is  the  only  exception 
to  the  rule  of  making  the  intervals  aliquot  parts  of  100  metres.  (This 
interval  is  recommended  in  regions  where  it  is  thought  that  50-metre 
curves  wcmld  not  adequately  represent  the  relief  and  whei*e  the  use  of 
^o-metric  curves  is  not  justified  by  the  chara<;ter  of  the  country.)  Even 
in  tliis  case  the  interval  is  an  aliquot  part  of  200  metres,  so  that  little 
inconvenience,  if  any,  would  be  occasioned  by  its  use. 

It  should  be  observed  also  that  the  adoption  of  the  metre  as  the  unit 
would  in  general  widen  the  interval  between  the  curves,  reducing  the  * 
number  of  them,  but  without  any  material  loss  in  representation  of  the 
forms,  and  to  some  extent  would  lessen  the  cost  of  the  surveys. 

In  order  to  render  perfectly  clear  its  views  with  reference  to  consid- 
eration of  difl'erent  sections  of  the  rTnit(»d  States,  the  Conference  would 
state  that  the  coast  and  the  int(»rior  are  at])resent  to  be  regarded  from 
entirely  distinct  standpoints. 

Under  the  fundamental  law  and  the  snbscc|uent  practice  of  the 
work,  the  surveys  of  the  coast  have  <'ompris4'(l  fitness  for  purposes  of 
navigation  and  for  niilitiuy  operations.    As  the  necessary  consequence 
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of  the  law  and  of  the  long  exi^erience  of  the  Survey  on  the  extended 
coasts  of  the  United  States,  tlie  scales  api)ropriate  to  different  types 
of  coast  topography  have  so  assimilated  themselves  to  the  respective 
needs  of  each  section  (tyi)e,  purpose,  and  scale  ac(?ording  with  one 
another)  that  to  the  mind  of  fhe  expert  they  represent  one  complete 
and  harmonious  whole.  In  consequence  of  these  facets  the  Conference 
has  found  little  difficulty  in  the  discmssion  of  the  topographical  treat- 
ment a])])lical)le  to  the  coast  sections.  In  a  word,  the  treatment  by  the 
Conference  of  the  coast  of  the  United  States  in  establishing  topograph- 
ical rales  for  its  survey,  is  virtually  but  a  re-affirmation  of  all  that  in 
the  history  of  the  Survey  has  preceded  this  action. 

The  case  present-ed  by  the  interior  is,  however,  entirely  different. 
For  this  part  of  the  country  preeminent  purpose  for  prospective  sur. 
veys  is  not  at  present  defined  by  law.  In  the  absence  of  controlling 
puri)08e,  the  consideration  of  the  question  reverts  to  the  necessity  of 
fixing  upon  scale  and  limits  of  detail  for  different  sections  solely  upon 
the  basis  of  giving  for  different  topogi-aphical  types  the  maximum  of 
information  for  general  purposes,  combined  with  the  minimum  exi)end- 
iture  of  time  and  money. 

While  the  Conference  is  not  called  upon  to  fonnulate  definite  pur- 
pose for  such  hypothetical  surv^eys,  some  of  the  purposes  which  they 
subserve*  may,  in  a  general  way,  be  easily  stated.  Geological  purposes 
they  manifestly  include,  military  puri)oses  in  a  general  way,  if  they 
should  be  so  required,  hypsometrical  data,  extent  and  relation  of  water- 
sheds, preliminary  locations  of  railroads  and  other  roads,  distances 
between  towns,  etc. 

That  such  surveys  would  include  all  of  these  and  other  purposes  is 
apparent,  but  only  the  future  can  decide  what  i)rei*minent  purpose  or 
purposes,  beyond  uses  generally  si)ecified,  such  surveys  will  fulfill,  and 
therefore  the  Conterence  c^)ncludes  its  consideration  of  the  surveys  of 
the  interior  without  attempting  to  define  their  [>reeminent  purpose  in 
a  manner  analogcms  to  that  applic.'ible  to  the  coast. 

Division  A — Coast  Work. 

NEW   ENGLAND   SYSTEM. 

Section  1. — St.  Croix  Hirer  to  Delaware  Bay, 

(1)  The  scale  of  1-10000  should  be  used  throughout  this  section. 

(2)  All  points  determined  by  intersection  and  prominent  trees  or 
other  objects  nsefnl  as  land  or  pilot  marks  should  be  as  accurate  as 
the  scah^  and  material  worked  upon  will  j)ermit. 

(3)  On  the  sea  coast  and  on  the  shores  of  navigable  rivers,  project- 
ing i)oints  of  shore  line,  outlying  rocks,  and  ledges  should  be  deter-* 
mined  with  the  accuracy  of  occupied  stations  or  "points  dA\Rx.\s^JCM8dfti. 
by  intersection.'' 
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(4)  Tlie  delineatiou  of  the  low  water  line  should  be  as  precise  as  the 
physical  conditions  of  the  coast  will  permit.  On  moderately  steep 
shores,  where  slight  variations  of  low- water  level  would  not  produce 
great  horizontal  displacement,  the  low-water  line  may  be  shown  with 
nearly  the  same  accuracy  as  high  water.  But  where  the  6loi>e  of  the 
bottom  is  very  gradual,  so  that  slight  variations  of  the  low- water  level 
would  produce  great  horizontal  displacement,  the  low- water  line  should 
be  sketched  freely,  simply  to  indi(rate  tlie  presence  of  flats,  or  that 
there  are  channels  through  the  flats  that  will  require  development  by 
the  hydrographer. 

(5)  Outlines  of  unnavigable  rivers  and  ponds  should  be  within  25 
metres  of  their  true  positions,  their  forms  being  preserved  as  for  as 
practicable. 

(6)  Narrow  streams,  flowing  through  thickly  wooded  valleys  or 
wooded  swamps,  should,  it  practicable,  be  shown  within  50  metres  of 
their  true  positions. 

(7)  The  line  between  hard  land  and  marsh,  when  well  defined,  should 
have  the  same  limit  of  error  as  contiguous  shore  line.  When  not  well 
defined  its  delineation  must  be  letl  entirely  to  the  discretion  of  the 
topographer. 

(8)  Outlines  of  woods  should  not,  in  general,  be  in  error  by  more 
than  50  metres. 

(9)  All  railroads  and  main  wagon  roads  should  be  delineated  with 
such  accuracy  as  the'scale  and  material  will  permit. 

(10)  Graded  roads  through  public  or  private  grounds  of  considera- 
ble extent  should  have  nearly  the  same  accuracy  as  main  wagon  roads, 
the  degree  of  precision  to  be  dependent  upon  the  relative  importance 
of  such  roads. 

(11)  The  deviation  from  accuracy  of  wood  roads  and  other  byroads 
at  any  place  between  their  terminal  points  should  not  exceed  50  metres. 

(12)  Houses  and  barns  should  be  shown  within  10  metres  of  their 
ti'ue  positions. 

(13)  In  cities,  towns,  or  large  villages  the  built  up  sections  shonld 
be  indicated  by  shading,  without  showing  individual  buildings  of  avc- 
conix>anying  details. 

(14)  The  general  shapes  and  dimensions  of  buildings  should  be  pre- 
served without  undue  attention  to  detail. 

(15)  Small  or  unimportant  outbuildings  should  be  omitted. 

(IG)  In  surveys  on  flie  scale  of  1-10000  no  fences  should  be  omitted 
except  those  inclosing  small  areas  around  houses  and  barns  or  other 
unimportant  subdivisions. 

(17)  The  elevations  of  prominent  objects,  to  be  used  as  points  of 
reference  in  subse<[uent  work,  should  not  be  in  error  by  more  than  3 
feet  or  1  metre. 

'  (18)  The  elevation  of  onlinary  i)lane-table  stations  should  be  correct 
within  5  feet  or  2  metres. 


REPORT   FOR   1891 — PART   II.  635 

« 

Rules  adiiptrd  by  the  Conference  for  topographical  surveys  in  tffpical 

regions. 

(19)  The  heights  of  the  surfaces  of  lakes  and  large  ponds  above 
mean  sea  level  should  be  determined  with  the  same  accuracy  as  that 
adopted  for  points  of  reference. 

(20)  Within  this  typical  area  the  contour  interval  should  be  20  feet, 
or  5  metres. 

(21)  Contours  may  be  defle<;ted  in  sketching  above  or  below  their 
true  planer,  to  represent  particular  accidents  of  ground,  by  an  amount 
not  exceeding  5  feet  or  2  metres,  vertically.  Beyond  this  linrtt 
auxiliary  curves  should  be  used,  if  necessary. 

(22)  In  open  country,  on  slopes  of  less  than  5o,  sketched  ctoutours 
should  be  correct  within  half  an  interval.  On  steeper  slopes  they 
should  be  within  one  interval.  In  heavily  wooded,  hilly  country  this 
limit  may  be  exceeded ;  but  in  low  country,  even  if  heavily  wooded,  the 
summits  or  height  of  land  should  not  be  in  error  more  than  5  feet  or 
2  metres. 

(23)  Contours  should  cease  at  the  edges  of  steep  banks,  and  the 
bluffs  should  be  indicated  by  hacljures. » 

(24)  In  cases  of  importance  (for  purposes  of  navigation  or  future 
com])ari8on),  the  crest  lines  of  the  bluffs  should  be  delineated  with 
nearly  the  same  accuracy  as  the  main  shore  liue  but  in  ordinary  cases 
an  approximate  location  will  suffice. 

BAY  SYSTEM. 

Section  2. — Delatcare  Bay  to  Winyah  Bay. 

(1)  The  scale  of  1-20000  should  be  adopted  for  this  section,  except 
near  large  towns,  where  1-10000  should  be  used. 

(2)  Accuracy  of  detail.  In  work  on  1-10000,  all  details  should  be  as 
accurate  as  in  section  1. 

The  following  paragraphs  refer  exclusively  to  work  on  1-20000.     • 

(3)  Prominent  objects  used  as  signals  or  pilot  marks  should  be  de- 
tennined  with'the  greatest  a<;curacy  which  the  scale  and  the  sheet  will 
permit. 

(4)  The  outer  shore  line  should  be  correct  within  25  metres. 

(5)  Inside  navigable  channels  should  be  h>cated  within  25  metres; 
and  the  widths  of  such  passages  should  not  vary  more  than  10  metres 
from  their  true  values  when  the  whole  width  does  not  exceed  200 
metres. 

(6)  Unnavigable  rivers,  creeks,  and  ponds  should  be  shown  within 
50  metres  of  tlieir  true  positions. 

(7)  Narrow  streams  through  wooded  valleys  or  swamps  should,  if 
[)racticablc,  be  shown  within  100  metres. 

(S)  In  out-of-the-way  marshes,  broken  up  by  numerous  unnavigable 
crc(»ks  and  openings  not  thoroughfares,  such  passages  mw^^^s^  ^'et-i 
frerly  generalized ;  but  their  junctions  with  main  bodies  of  v»'  'v^'^^^  ^^sslvs^^^ 
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be  within  the  limit  of  error  ado]>te(l  for  ahore-line  work  of  similar 
diaractor. 

(0)  Marsh  lines  should  follow  the  same  niie  as  in  section  1. 

(10)  Outlines  of  wo(m1s  should  in  puieral  be  <M)rrect  within  100 
metres. 

(11)  Low-wat4»r  line  should  be  expressetl  as  well  as  pnieticable  under 
the  local  conditions,  and  generally  as  s])e(*itied  in  section  1. 

(12)  Kailroa<ls  and  main  wagon  roads  should  not  be  in  error  more 
than  20  liietres,  the  centers  of  the  roads  to  be  tiiken  as  their  true  lines. 

(13)  Park  roiids  should  have  the  same  degiee  of  accuracy. 

(14)  Ordinary  byroads,  wood  roa^ls,  and  trails  may  deviate  100 
metres  between  terminal  ])oints. 

(15)  Houses  should  be  shown,  subject  to  the  limitations  specitied  for 
section  1,  except  that  the  limit  of  error  (as  in  the  (*ase  of  roads)  may  be 
20  metres;  also  barns,  when  of  sufficient  size  or  prominence  to  make 
them  desirable.  Special  cai*e  should  be  taken  to  show  isolated 
buildings,  in  the  woods  or  elsewhere,  but  their  positions  need  not  be 
as  accurately  determined  as  in  section  1. 

(16)  Only  those  fencers  which  are  notable  features  should  be  sliown 
upon  the  map. 

(17)  Elevations,  when  given,  should  be  as  a<icuratc  as  in  section  1. 

Section  3. —  Winyah  Bay  to  St,  John  River. 

(1)  Scale  as  in  section  2  (1-20000). 

(2)  Accuracy  of  detail  and  r(»lief  as  in  8e(?tion  2. 

''DELTA  SYSTEM." 

Section  4. — Mimtissippi  Delta. 

(1)  Scale  1-20000  for  main  river  channels  and  1-40000  for  all  otlier 
work. 

(2)  Accuracy  of  determination  should  be  in  proportion  to  the  scale 
used,  based  ui)on  that  adopted  for  section  2. 

''TEXAS   SYSTEM." 

Section  5. —  Tejas. 

(1)  Scale  1-10000  at  injportant  passes  and  1-30000  on  all  the  rest  of 
the  coast. 

(2)  Accunicy  should  be  in  ])roi)ortion  to  scale,  as  above. 

"PACIFIC    (OAST   SYSTEM." 

Section  0. — Souiheni  California. 

(1)  The  scale  should  bo  1-10000. 

(2)  For  features  of  the  shore  line  and  other  detail  the  accuracy  of 
drtermination  should  be  as  in  section  1. 
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RELIEF. 

(3)  Up  to  500  feet  of  elevation  20-foot  contours  should  be  expressed, 
or  up  to  li(K)  metres  of  elevation  either  5  or  10  metre  intervals  should 
be  expressed,  according  to  the  character  of  the  region. 

(4)  Above  500  feet  50  or  100  foot  contours  will  suffice,  or  above  200 
metres  either  20  or  40  metre  intervals  will  suffice. 

(5)  The  determination  of  elevations,  when  the  relief  is  expressed  by 
20-t([>ot  or  5  or  10  metre  contours,  should  be  as  accurate  as  in  section  1. 
When  only  100-foot  or  20  or  40  metre  contours  are  used,  the  elevations 
of  points  of  reference  should  be  obtained  within  0  feet  or  2  metres  and 
of  onlinary  plane-table  stations  within  10  feet  or  3  metres  of  their  true 
values. 

(6)  When  using  20-foot  or  5  or  10  metre  contours,  the  lidiit  of  error 
in  sketching  should  be  the  same  as  in  section  1. 

(7)  When  only  100-foot  or  20  or  40  metre  contours  are"  necessary, 
their  deviations  fiT>m  accuracy  should  not  exceed  one  interval  (100  feet 
or  20  or  40  metres)  when  it  is  practicable  to  attain  this  degree  of  pre- 
cision. 

Section  7. — Xorthern  Galljornia. 

(1)  Swile  of  1-10(K)0  should  be  used. 

(2)  Accuracy  of  detail  as  in  section  1. 

(.'3)  Contour  intervals  and  accuracy  of  contouring  as  in  section  6, 

Section  8. — Oregon  and  Washington. 

(1)  Stiale  of  I-IOOOO  should  be  used. 

(2)  Accuracy  of  detail  as  in  section  1. 

(.3) '(Jontour  intervals  and  accuracy  of  contouring  as  in  sections  0 
and  7. 

Division  B. — Interior  Work. 

''primary  system." 

Section  I. — Rolling  lands,    like  New  England,  New   York,  Northern 
New  Jersey,  etc.,  ejccepting  the  mountain  ranges, 

(1)  The  scale  should  be  1-30000. 

(2)  Plane-table  points  use<l  as  signals  should  be  as  accurate  as  the 
scjih*  and  material  worked  upon  will  permit. 

(3)  The  shore  line  of  navigable  rivers  and  lakes  should  not  be  in 
vvrov  by  more  than  30  metres. 

(4)  In  work  upon  this  scale,  the  topographer  should  show  all  rail- 
roads, imblic  roads,  and  all  other  roads  (except  such  as  could  not  be 
used  as  thoroughfares),  canals,  farm-houses  (when  accessiV\vt\^'«i^R^ccsxs^ 
areas,  and  wood  outlines. 
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(5)  The  ^ciioral  chanvcteristics  of  stn^ams  and  ponds  Hhonid  l>e 
shown,  without  too  close  attention  to  their  niinute  sinnosities. 

(6)  Conventional  signs  should  be  used  for  the  representatiou  of 
houses,  villages,  and  towns. 

(7)  Barns,  outbuildings,  and  fences  should  be  omitted,  except  when 
the  bams  are  very  prominent  or  arejandiuarks. 

(8)  Elevations  of  main  points  of  reference  should  be  within  6  feet,  or 
2  metres,  and  of  ordinary  plane-t'able  stations  within  10  feet,  or  3 
metres. 

(9)  The  contour  interval  should  be  20  feet  or  10  metres. 

(10)  Summit  contours  should  be  corre4't  within  10  feet  or  3  metres, 
and  when  practicable  valley^floors  should  be  correct  within  the  same 
limit. 

The  loc4ition  of  intermediate  contours  should  be  as  close  as  the  scale 
and  condition  of  the  region  will  permit. 

COASTAL  PLAIN  SYSTEM. 

Section  2. — Flat  landSj  lik/^  southern  Xeto  Jersey^  Delatcare,,  the  Chesa- 
peake Bay  region^  and  the  Atlantic  coastal  plain  generally. 

(1)  The  scale  should  be  1-30000. 

(2)  The  amount  and  accuracy  of  detail  should  be  the  same  iis  iu  sec- 
tion 1  of  the  interior. 

(3)  En  this  kind  of  country  the  representation  of  relief  would  be  im- 
practicable without  great  expense  for  leveling. 

PEAIRIE  SYSTEM. 

Section  3. — Prairie  lands,  like  thotse  of  Ohio,  Indiana,  and  niinois. 

(1)  The  scale  should  be  1-30000. 

(2)  The  amount  anij  accurat»/y  of  detail  should  be  the  same  as  in  sec- 
tion 1  of  the  interior. 

(3)  In  generiil,  the  relief  should  be  represented  when  pnu'ticable. 

(4)  The  contour  interval  should  be  in  general  50  feet,  or  20  metres, 
but  in  special  (»ases  the  topographer  may  use  curves  of  smaller  interval 
at  his  discretion. 

GKKAT    PLAIN   SYSTKM. 

Section  \.— Great  plains  of  the  West 

(1)  The  scale  should  be  1-40000  and  signals  and  other  points  of  ref- 
erence should  be  detcrmine<l  as  accurately  as  the  scale  and  ^tho  sheet 
will  ])ennit. 

(2)  All  streams  and  dry  wat(»r  <M)urscs  should  be  shown.  The  threads 
of  the  streams,  being  (piite  ind(»tinite  in  position,  may  be  fi'eely  gen- 
eralized between  the  inclosing  blurts. 
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regions. 

(3)  The  bluffs  should  be  represented  by  hachures  and  may  be  freely 
generalized,  the  general  forms  being  preserved  as  far  as  practicable. 

(4)  Eailroads  and  main  routes  of  communication  should  be  shown 
and  should  be  accurate  within  40  metres. 

(5)  All  isolated  houses,  as  indicating  x)opulation  and  culture,  should 
be  shoMrn  within  the  same  limit  of  error. 

(6)  Villages  and  towns  should  be  conventionally  represented. 

(7)  Fences  inclosing  large  areas  should  be  shown,  but  all  other 
fences  should  be  omitted. 

(8)  Forests,  if  any,  should  be  shown,  also  belts  of  woods  along  water 
courses. 

(9)  Contours  should  be  shown  at  vertical  intervals  of  50  feet,  or  20 
metres,  and  in  case  of  sudden  accidents  of  ground  the  tox)ographer 
should  use  such  contour  intervals  as  he  may  think  necessary. 

PLATEAU  SYSTEM. 

Section  5. — Plateau  regions  of  Kentucky  and  Tennessee. 

(1)  The  scale  should  be  1-30000. 

(2)  Signals  and  other  details  should  be  represented  with  substan- 
tially the  same  accuracy  and  fullness  as  in  section  1  of  the  interior. 

(3)  The  elevations  of  points  of  reference  should  be  correct  within  10 
ft^et,  or  3  metres,  and  of  ordinary  plane-table  stations  as  near  that 
limit  as  possible. 

(4)  This  section  being  densely  wooded  and  very  broken,  the  contours 
can  only  be  approximate;  the  crests  and  valleys  should  receive  the 
most  attention,  to  represent  their  elevations  and  grades,  without  too 
much  refinement  in  horizontal  positions.  Contours  should  be  shown 
at  vertical  intervals  of  50  feet,  or  20  metres. 

(5)  When  the  plane-table  can  not  be  used  advant4igeously,  other 
suitable  instruments  may  be  utilized  as  auxiliaries.  In  country  of 
this  sort  a  survey  to  be  made  within  a  reasonable  time  and  at  a  prac- 
tiirable  cost  must  be  chorogruphic  rather  than  topographic;  that  is, 
the  minute  features  of  the  relief  must  be  overlooked  and  only  the 
general  forms  represented. 

APPALACHIAN  SYSTEM. 

Section  6. — Appalachian  Mountain  system. 

(1)  The  scale  should  be  1-40000  and  signals  should  be  determined 
as  accurately  as  the  scale  and  material  worked  upon  will  x)ermit. 

(2)  In  general,  this  section  will  come  under  the  same  treatment  as 
that  outlined  in  paragraph  o,  section  5. 

(l\)  Railroads,  canals,  and  all  other  routes  of  communication  should 
be  shown,  the  railroads  and  canals  within  20  metres  and  c3^0asst^^^a^J^^ 
within  40  metres. 
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(4)  Streams  and  ]h>tk18  should  be  shown,  when  practicable,  within 
the  limits  of  the  scale. 

(5)  Siuirle  I1011SO8  should  be  shown  within  40  metres. 

'  (6)  Villages  and  towns  should  be  represented  by  conventional  signs. 

(7)  The  elevations  of  points  of  reference  should  be  <lotormined 
within  10  feet,  or  3  nu^trcs,  when  ]>ra(!ticable,  and  other  stations  should 
be  determined  lus  elos«»ly  as  possible. 

(8)  The  contour  interval  should  be  100  feet,  or  40  metres,  with  60- 
foot  or  20-metre  auxiliary  curves,  when  nee^ssary. 

(9)  The  hill  forms  should  be  generalized,  taking  care  that  the  sum- 
mits and  valleys  be  as  accurate  as  cireuinstances  may  permit. 

(10)  Koeky  cliffs,  precipices,  etc.,  should  be  indicated  by  hacknres 
or  shading,  in  addition  to  the  contours. 

ROCKY  MOUNTAIN  SYSTEM. 

Section  7.—RocJcy  Mountmns. 

(1 )  The  scale  should  be  1-40000  and  the  degree  of  accuracy  should 
be  the  same  as  in  section  0,  exce])t  that  in  the  mountains  proper  more 
generalization  may  be  permitted. 

(2)  Existing  detail  should  be  shown  as  closely  as  the  scale  w|ll 
permit. 

(3)  This  typical  section  being  much  moie  ojien  than  section  6,  much 
greater  accuracy  may  be;  attained  in  the  determination  of  relief.  The 
plane-table  can  generally  be  used. 

(4)  The  elevation  of  points  of  reference  should  be  determined  within 
10  feet,  or  3  metres,  and  the  elevation  of  other  stations  should  be  as 
near  this  limit  as  practicable. 

(5)  The  (!ontour  interval  should  be  100  feet,  or  40  metres,  with  50- 
foot,  or  20  metres,  auxiliary  curves,  when  necessary. 

(0)  The  summits  and  valleys  should  be  represented  with  all  practi- 
cable accuracy,  but  iutiTvening  forms  may  be  freely  generalized. 

Section  8. — Sierra  Xevada  Mountains, 

The  northern  ])art  ol*  this  section  is  generally  wooded  and  should  be 
treat(»d  lik(»  scKitiou  6,  except  that  the  contour  interval  shoidd  be  50  or 
100  feet,  or  20  or  40  metn*s. 

The  southern  i»art  resembles  jsection  7  and  should  be  treated  in  the 
same  way. 


Supplement  F, 

report  of  the  committee   on  instrumental  methods, 

approximate  cost  of  surveys,  etc. 

[Presented  by  Assistant  J.  W.  Donn.] 

The  consideration  of  the  resohition  referred  ti)  the  eommittec  neces- 
sarily involves  the  subject  of  methods  now  in  vojjue  representing  the 
execution  of  topography  of  the  highest  standard  compatible  with  the 
scale  and  i)uri)oee  of  the  work  as  a  basis  for  comparison. 

It  may  be  advanced  as  an  axiom  that  the  purpose  in  a  general  way 
indicates  the  scale;  otherwise,  given  tlie  purpose  of  the  survey,  and 
the  magnitute  of  the  scale  is  approximately  suggested.  In  the  order 
of  classification  of  the  general  gnwles  of  surveys,  those  known  as 
"  critical '^  occupy  tlie  highest  phwe  both  in  the  measure  of  acciuracy 
and  cost.  Performed  mainly  for  constructive  purposes,  they  are  of 
such  a  character  as  to  fully  subserve  those  purpo8(»s  both  for  present 
use  and  future  needs.  In  considering  the  cost  per  square  mile  of  such 
surveys  it  is  obvious  that  the  smaller  the  vertical  distan(;e  between 
horizontal  contours,  the  greater  the  relative  expense  of  the  undertak- 
ing. It  is  safe  to  assume  that  the  survey  of  a  given  area  upon  which 
contours  of  1  foot  (v.  d.)  are  delincat<Ml,  will  cost  approximately  three 
times  as  much  as  the  same  area  with  r).foot  contours-  The  cultural  and 
natural  details  otherwise  form  but  a  comparatively  small  part  of  the 
cost  of  such  work. 

In  general  terms  it  may  be  stated  that  in  a  survey  upon  any  one  of 
the  scales  used  in  critical  work— 1-<»0(>,  1-1200, 1-4800,  or  1-5000— with 
elevations  developed  by  5  loot  ccmtours,  the  cost  should  not  exceed 
i?900  per  square  mile.  In  exceptionally  difficult  areas,  with  high  and 
comi)lex  configuration,  this  would  be  exceeded,  while  upon  ground 
simple  and  with  low  conliguration  the  cost  might  not  exceed  $100  per 
square  mile.  All  cases  of  large  scale  work,  however,  should  be  treated 
according  to  the  chanwter  of  locality,  and  it  is  therefore  manifestly 
impossibTe  to  make  a  hard  and  fast  rule  as  to  cost  when  conditions  of 
surfa(!e  are  so  varied.  An  experienced  topographer  need  not  bo  greatly 
perpl(»xcd  to  determine  the  <iuestion  of  cost  after  having  obtained 
a  comj>reluMisive  view  of  a  prescribed  locality;  but  to  say  in  advance 
of*  such  action  what  should  be  the  ex])ense  of  such  a  survey,  w<mld  be 
as  <liflicult  and  unreliable  as  a  weather  forecast  six  months  ahead  of 
time.  But  special  cases  of  very  large  scale  critical  work  may  be  rele- 
gated in  a  phu*e  outside  of  the  subject  under  consideration. 

H.  Ex.  KJ,  i»t.  2—41  Oil 
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The  usual  scales  of  work— l-10(KH),  1-20000.  1-3000O,  1-40000— are 
applicable  to  the  general  puq)ose  of  delinefiting  tlie  topography  of  a 
country,  lu  the  execution  of  accurate  surveys,  ea^li  has  a  locative 
value  and  a  deliiu^ative  power  commensurate  with  its  place  in  a  definite 
system  of  measurements.  While  it  is  apparent  that  a  scale  of  1-1000(» 
may  be  used  in  a  locality  where  a  comparatively  ftill  and  a<»curate 
survey  conld  readily  be  obtained  through  the  medium  of  the  smaller 
scales,  without  loss  of  time  or  increase  of  cost,  it  is  equally  apparent 
that  the  smaller  scales  could  not  be  made  to  measure  iii3  to  the  iwssi- 
bilities  of  the  former.  In  a  country  of  varied  conftguratioii  and  largely 
diversified  detail,  so  fnll  as  to  justify  all  the  care  and  refinement 
possible  with  the  larg(n'  scale,  there  may  occur  a  very  considerable 
tract  of  marsh  land,  sandy  waste,  or  wood  land,  virtually  barren  ot 
topographical  details.  Uniformity  requires  the  extension  of  the  large 
scale  work  over  the  whole  area,  although  the  smaller  scale  would  com- 
l>letely  till  all  the  needs  of  these  almost  featureless  parts.  But  the 
combination  of  these  areaa,  embracing  the  largely  detailed  and  the 
featureless  within  the  same  i>roject,  serves  the  i)iu:pose  of  decreasing; 
the  cost  of  the  whole.  This  shows  that  the  scale  does  not,  within  any 
reasonable  degree  of  certainty,  indicate  the  cost.  All  things  being 
equal,  the  purpose  in  a  general  way  defines  the  scale,  and  the  scale  the 
cost  of  the  survey.  But  here  the  question  of  personality  comes  in  as 
an  im])ortant  element  of  uncertainty;  for  of  two  individuals,  A  and  B. 
A  finds  no  difticulty  in  accomplishing  a  given  result  in  a  S|>ecified 
time,  while  B,  from  inh(Tent  difterence  of  temperament,  mental  or 
physical  disqualification,  may  not,  with  the  expenditure  of  his  best 
I)owers,  be  able  to  reach  the  standard  of  A.  This  diflFerentiation  of 
personal  attril^utes  or  conditions  ent4TS,  unfortunately,  into  the  ques- 
tion of  expense.  In  quality  of  Avork,  B  may  be  (]uite  equal  to  A,  but 
in  quantity  far  inferior.  Ft  follows,  if  this  be  so,  that  as  topographers 
must  differ  v(Ty  much  in  respective  ex<»ellence  the  variation  among 
them  in  judgment  in  this  matter  must  take  a  much  wider  range  than 
that  in  the  case  cited.  It  becomes  thus  apparent  that  differences  in 
judgnuMit,  as  ai)plied  to  determinations,  even  within  any  given  sciile, 
arc  an  element  of  unassignable  difference  in  value. 

For  the  purpose  of  eliminating  as  much  as  possible  error  growing 
out  of  difference  in  judgment  among  men  as  applied  to  toi)ography, 
reliance  must  be  placed  upon  a  hand-book  for  topographers,  such  as  is 
in  contenq)lation  as  the  concluding  portion  of  the  labors  of  this  Con- 
feren<»e. 

Taking  the  various  conditions  cited  above  and  the  differences  he- 
tween  men  in  skill,  physical  qualities,  and  judgment,  the  difficulty  of 
determining  the  exact  cost  of  any  given  work  is  very  great,  that  is.  if 
the  area  to  be  surveyed  is  large  and  varied  and  the  time  limited  re- 
quiring the  unit<»d  efforts  of  several  topogra])hers  to  accomplish  it. 

The  instruments  used  have  but  small  part  in  altering  the  relative 
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conditions  among  a  number  of  men.  By  a  combination  of  the  best 
methods  of  instrumental  work  and  the  selection  of  topographers  ac- 
cording to  their  several  abilities,  the  cost  of  work  may  be  materially 
lessened  without  loss  of  accuracy,  but  the  degree  of  economy  still  re- 
mains an  unsolved  problem,  for  it  must  not  be  forgotten  what  a  large 
])art  climatic  conditions  may  play  in  the  matter.  To  illustrate  the 
effect  of  this,  reference  is  made  to  the  sui-vey  of  Mount  Desert  Island. 
•  In  the  first  year  of  that  work,  a  season  of  four  months'  duration,  one- 
fourth  of  the  time  was  lost  by  fog  and  rain.  In  the  second  year  a  still 
longer  time  was  involved,  and  in  the  third  in  one  month  alone  there 
were  twenty-two  days  of  fog,  when  nothing  could  be  done  in  the  way  of 
field  i)roKress.  It  is  hardly  necessary  to  say  that  the  cost  of  that  work 
was  largely  increased  by  the  vicissitudes  of  weather. 

For  the  work  of  the  future,  the  consideration  of  which  is  placed  upon 
us  in  eomi)liance  with  the  instructions  of  the  Superintendent  for  a 
stateuient  of  ''Methods  by  which  work  may  be  rendered  more  rapid 
and  less  expensive  without  material  loss  of  accuracy,"  the  following 
statement  is  presented,  beginning  .with  a  classification  of  the  several 
scales  of  topogra])hical  work,  their  sphere  of  usefulness  as  to  locality 
and  adaptation  to  the  purx)ose  of  the  work  to  be  performed,  and  an  ap- 
])roxiniate  average  cost,  in  which  estimate*  due  consideration  is  given 
to  the  several  retarding  influences  heretofore  mentioned. 

Four  orders  of  scales  are  given,  each  embracing  two  classes  or  varia- 
tions of  country. 

[  Class  A — Regions  of  large  population,  high  configuration  or  relief,  largely 
I  varied  cultural  and  natural  detail.     Scale,  1-10000.    $(50  per 

Order  I  .  [  square  mile. 

Class  B — Regions  of  similar  character  as  to  population  and  detail,  but 
low  relief.     $50  per  square  mile. 

Class  A — Regions  motlerately  populated,  high  relief,  but  of  inconsidera- 
ble culturs^l  and  natural  detnlTs.    Scale,  1-20000.     $40  per 
Order  II.  j  square  mile. 

Class  B — Regions  similar  as  to  population  and  details,  but  low  relief. 
I  $30  per  square  mile. 

[  Class  A — Regions  of  rolling  ]»rairie  lands,  moderate  as  regards  popnla- 
Order  III  '  *^^"  '*"*^  details.     Scale,  l-I^KXX).    $15  per  square  mile. 

I  Class  B — Regions  described  as  plateau  timberless,  sparse  population, 
\  few  natural  details.    $10  per  square  mile. 

(Class  A — Regions  of  grassy  lands,  or  lands  not  susceptible  of  much  culti- 
vation, small  areas  of  timber.     Scale,  1-10000.    $8  per  square 
v/A^ioi  XT  .  mile. 

Class  B — Arid  lands  or  sandy  plains,  mountainous  regions,  and  flat  for- 
t  .  est  lands.    $4  per  square  mile. 

Tlie  above  estimates  embrace  only  the  cost  of  maintaining  parties 
in  the  field  while  executing  the  triangulation  and  topography.  The 
total  cost,  including  the  salary  of  the  chief  ot  party  would  increase  the 
amounts  li'om  25  to  5()  per  cent. 

In  each  of  these  chisses  there  are  vast  areas  where  climatic  (condi- 
tions vary  greatly  from  great  heat  to  long  continued  intense^  <!tt\sL^ 
excessive  rains,  and  almost  entire  absence  of  rain. 
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By  (*iirtaiIinont  of  details  of  minor  and  comparatively  iinim|H>rbint 
characteriHticB,  the  claHses  under  Order  i  may  re^idily  bo  placed  under 
the  terms  as  to  cost  of  the  classes  under  Order  ii.  There  need  l>e  no 
decrease  of  accuracy,  but  less  completeness  as  to  details.  The  imi>or- 
tant  desideratum,  of  rx)urse,  in  all  classes  is  accuracy  in  as  large  degree 
as  the  scale  of  the  work  will  permit.  In  the  fourth  order  great  general- 
ization of  details  will  be  necessary,  espe<*ially  in  delineating  the  relief. 

A  rule  that  may  be  applied  to  the  subject  is  that  the  lower  the  class 
the  smaller  the  degree  of  refinement  possible  and  the  more  infrequent 
the  reccmrse  to  instruments  of  precision. 

The  limit  of  error  should  never  exceed  the  capacity  of  the  scale.  In 
other  words,  each  feature  indicated  should  be  truthfully  re]>reseuted; 
t.  ^.,  while  the  minor  details  of  a  ri<lge  or  valley  may  be  freely  genei'al- 
ized,  its  gener.al  form  and  the  direction  of  its  axis  shouhl  be  correctly 
given.  In  like  manner  the  (mtlines  of  a  lake  or  pond  should  represent 
its  general  relative  proiwirtions  and  location. 

ON  INSTRUMENTS. 

The  capabilities  of  that  instrument  of  instruments,  the  plane  tiible, 
and  its  unequaled  usefulness  in  every  order  of  work  named  above  are 
fully  understood  by  all  the  topogi*aphers  of  the  Coast  and  Geodetic 
Survey.  As  an  instrument  for  rapid  and  actcurate  determination  of 
positicm,  it  stands  superior  to  all  others.  Its  auxiliary,  the  telemeter, 
in  fa<*ilitating  the  location  of  details  not  readily  determinable  by  inter- 
section, and  the  ctnnbination  of  the  two  with  the  Y  level  and  rod, 
is  all  that  can  be  d(\sired  in  large  scale  work.  In  the  scales  of 
work  designated  by  Orders  iii  and  iv  other  auxiliaries  may  with 
advantage  be  used.  The  small  railroad  transit  with  vertical  arc  is  an 
invaluable  instrument  in  running  traverse  lines  in  regions  of  timbered 
lands  where  points  of  observation  for  plane-table  stations  are  infreijueut. 
The  s(»xtant  also  has  its  use  in  minor  traversers  for  the  location  of  road 
junctions,  the  gtMicral  c^ourse  of  sti'eams  and  their  confluence  with 
others,  and  othcM*  obj(M*ts  more  or  less  hidden  fnmi  view  of  the  plane- 
table.  The  French  water-level  is  most  excellent  for  road  profile  and 
contour  sketching  and  the  Locke  level  in  a  less  d(»gree  can  he  used  to 
cxmsiderable  t\<lvantage.  The  small  traverse  plane-table  may  be  used 
in  small  scale*  work  and  secure  good  results.  Other  very  valuable 
auxiliaries  nM^oniniended  are  tin*  distance  measure  of  Oertel  &  Sons 
(Munich)  and  the  tacliygraplioineter,  both  of  which  will  largely  aid 
in  the  production  of  ra])id  and  <M'oiioinieal  work. 

An  ini])ortant  reduction  in  the  cost  of  topographi<*al  work  may  be 
effected  by  i)lacing  the  se<'ondary  and  tertiary  triangulation  in  the 
hands  of  the  topographer.  A  large  nuniher  of  points  quite  useless  to 
the  topographer  are  determincHl  by  parties  unfamiliar  with  topograph- 
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ical  metliods.  The  cost  of  8ucli  triangulation  being  charged  agaiust 
the  topography  of  the  locality,  economy  can  surely  be  gained  by 
uniting  the  two  under  one  chief  of  party.  JTo  appreciable  delay  Vould 
be  caused  in  advancing  the  topography  and  no  points  would  be 
located  and  detennined  that  did  not  bear  a  closely  defined  relation  to 
its  needs. 

The  recently  improved  aneroid  barometer  can  sometimes  be  used 
mlvantageously,  but  it  is  extremely  doubtful  if  it  will  be  found 
judicious  or  economical  in  topographical  work,  excepting  in  eases  of 
extreme  difficulty.  In  a  long  disenssion  of  the  subject  of  barometric 
measurements  of  heights,  Mr.  G.  K.  Gilbert,  of  the  Geological'Survey, 
notes  the  eflfect  had  upon  the  barometer  in  high  winds.  In  a  series  of 
observations  made  upon  Mount  Washington  he  detected  some  anoma> 
Ions  fluctuations  which  he  '*was  enabled  to  trace  to  the  influence  of  the 
winds  upon  the  tension  of  the  air  in  the  observatory,  and  this  influence 
was  found  to  be  so  great  during  the  prevalence  of  gales  as  to  vitiate 
the  record  of  the  barometer.  .The  error  amounted  in  some  instances  to 
the  one  hundred  and  eightieth  pai't  of  the  atmospheric  pressure  and 
aflPected  the  determination  of  altitudes  by  more  than  100  feet.'* 

The  influence  of  humidity  and  temperature  and  the  eri'ors  of  obser- 
vation all  make  up  a  series  of  unsatisfactory  conditions^  not  easy  to 
eliminate  by  the  best  process  known  to  ])ractical  n^en. 

Mr.  Gilbert,  in  his  conclusion,  state's  that — 

In  any  Burvoy  TvLich  is  bathed  upon  trian^ulution^  tho  pointH  occupied  arc  inter- 
visible,  80  tliat  if  thoir  diHtanctiH  arc  not  j^reut  it  is  ))osHible  to  aHceilaiu  their 
relative  altitudes  by  moans  of  vertical  angles  and  with  a  de^iirree  of  accuracy  not 
attained  by  the  barometer. 

The  topographer  is  able  to  compute  the  relative  height  of  all  points  visible  to  him 
from  any  station,  ])rovided  their  distances  become  known,  by  measuring  the  angle 
of  elevation  or  de))ression  which  they  subtend ;  and,  since  other  stations  of  his  system 
are  always  included  among  the  points  of  observation,  he  is  able  in  this  manner  to 
carry  through  his  field  a  connected  systi'm  of  altitude  determinations. 

When,  in  the  ]»rogres8  of  geographic  refinement,  the  statiouH  of  the  topographer 
approach  so  near  to  each  other  that  tht*  precision  of  the  measurement  of  altitudes  by 
angulation  becomes  equal  to  the  precision  obtained  by  means  of  the  barometer, 
barometric  hypaometry  receives  at  once  a  formidable  competitor.  Indeed,  it 
eneounters  an  iiivineible  antagonist;  for  the  expense  of  reading  vertical  angles, 
when  it  is  jierformed  as  a  mere  aecessory  to  the  ground  work  of  the  topographer,  is 
notably  I(*ss  than  the  expense  of  transporting  and  observing  barometers.  The  most 
thorough  geograjthic  work  will  therefore  disjiense  altogether  with  the  bardiiieter. 

When,  in  conne(!tion  with  this  statement,  the  practical  metliod  of 
the  determination  of  altitudes  by  the  plane-table  alidade  is  considered, 
it  will  hi'  scMMi  how  expensive  and  slow  are  the  methods  of  barometric 
nnnisurements.  From  ^ny  two  stations  formini^f  a  base  of  proper 
length  a  large  number  of  altitudes  can  be  readily  determined.  W>*^^. 
the  plane-table,  therefore,  a  topographer  thoroughly  familiiwv  ^>is>2i- "^^^^ 
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capabilities,  is  never  at  a  loss  as  to  the  means  by  which  any  difficulty 
encountered  is  to  be  overcome. 

The  camera,  in  connex^tion  witli  the  plane  table,  may  be  occasionally 
usefully  employed  in  the  representation  of  the  profiles  of  mountains 
and  hills  in  l)ohl  relief.  It  can  not  be  said  that  itS  sphere  of  usefulness 
is  in  any  case  so  great  as  to  make  it  a  formidable"  rival  to  the  plaue 
table.  While  it.s  delineation  of  cleai'ly  discernible  topographical 
features  may  be  more  readily  obtained  as  a  inctureor  series  of  pictures 
as  seen  by  the  eye,  the  exa<*t  i)rojecti(m  of  those  lines  of  sight  making 
up  the  picture  upon  a  geographic  plan 'would  be  a  slow  process,  and 
(me  inferior  in  precision  to  the  lines  of  intersection  showing  the  same 
plan  as  drawn  upon  the  plane  t4ible.  And  when  the  obscure  or  iion- 
discernible  features  of  a  locality  are  borne  in  mind,  and  there  are  but 
few  localities  where  such  are  not  found,  the  linutiition  of  the  camera 
must  be  fully  seen. 

Applying  the  remarks  of  Mr.  Gilbert,  previously  quoted,  in  regartl 
to  thecomi)arison  of  barometric  and  angulatcd  altitudes,  and  changing 
expressions  to  suit  the  relative  influences  of  the  two  instruments,  we 
may  say:  When  in  the  progress  of  geographic  refinement  the  deter- 
mining lines  of  the  alidade  drawn  u])on  the  jdane  table  a]>proach  so 
near  the  lines  of  sight,  as  seen  in  the  pictures  represented  uix)n  the 
photographic  plate,  tliat  the  i)recision  of  their  intersections  becomes 
equal  to  the  precision  obtained  by  means  of  the  camera,  photograi>hic 
topography  encountets  an  'invincible  antagonist;"  for  the  exi>euse  ot 
drawing  those  lines  in  the  tield,  wiiere  it  is  a  mere  acc<'ssory  of  the 
general  work  of  the  topograiiher,  is  notably  less  than  the  exi)ense  of 
producing  tlie  picjtures  of  tlie  lo<^ality,  the  development  of  its  lines  from 
camera  stations,  and  their  ])rojection  to  scale  in  a  geographic  plan;  to 
which  may  be  added  the  surely  attending  circumstanee  that  a  large 
•  amount  of  detail  is  beyond  the  reach  of  a  camera,  excepting  by  a 
multiplicity  of  views  from  a  large  number  of  stations,  the  projection 
of  which  to  j)lan  would  be  conducive  to  d(4ay  and  confusion. 

We  may  rest  satisfied  that  in  the  plane  tabU*  we  have  the  highest 
type  of  an  instrument  for  to]K)grapl!ic  work  yet  devised.  In  it  we 
find  sim])licity  combined  with  precision,  rapidity  of  execution  with 
economy  of  hibor,  and  adaptability  of  means  to  the  end  to  be  attaineil. 

In  the  accomplishment  of  toi)ographical  work  of  mininuim  expense, 
combining  accuracy  with  rapi<lity  of  execution,  it  is  unnecessary  to 
look  beyond  this  instnimeut  for  the  means  to  reach  the  desired  result. 
The  proposition  may  ])e  slated  tlius: 

(liven  the  clnir;u*.ter  of  a  locality,  its  relative  relief,  its  cultural  and 
artificial  features  in  terms  as  stated  in  the  arrangement  of  classes,  and 
the  cost  may  be  a|)proximately  expressed.  If  it  is  desired  to  conduct 
an  inexpensive*  survey  over  a  country  classed  uiubM*  a  high  order,  the 
method  of  accomplisliing  the  desired  result  will  be  apparent.     Accu- 
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racy  in  all  prominent  features  must  be  iirst  attained,  and  then  the 
decree  of  refinement  in  the  less  important  detiiils  nmst  give  way  to  the 
exigencies  of  the  case.  Often  it  may  be  necessary  to  ignore  many 
details  to  keep  withiu  the  limits  of  available  means. 

An  estimate  for  the  approximate  cost  of  topograi)hic  work  in  the 
typical  regions  is  herewith  submitted;  the  figures  include  triangula- 
tion  and  exclude  salaries  of  officers.* 

■  ■  ■       ■         I  1^^—-  ■!■■  ^^.^  ■■■■  ■■  ■!     ■■!■  ■■  11  I    ■■■    —  ^—        »    ■    — —— ^^^M^^^^^^^^^^— ^M^M^^i^W^WW^— ^ 

*  Refer  tu  Supplement  C  for  approximate  estimuteB  adopted  by  the  Coufereuce. 


Supplement  O. 
facts  and  possibilities  in  topographic  work. 

[By  AHsistiint  Aug.  F.  Rodgera.] 

The  evolution  of  modern  navigation  from  tlie  old  time  Aailinir  pack- 
ets, plying  between  Europejin  i)ort8  and  those  of  the  United  States, 
often  blown  helplessly  out  of  their  true  course  by  adverse  windH  for 
weeks  at  a  time,  up  to  the  present  "ocean  greyhounds"  rushing 
through  the  sea  on  schedule  time  with  almost  the  si)eed  and  precision 
in  arrival  and  depai-ture  of  railroad  trains,  is  due  in  no  small  degree 
tl)  the  excellence  of  modern  charts  and  the  precise  knowledge  jdaced 
in  the  hands  of  the  navigiitor  through  the  Coast  Survey  of  the  United 
States  and  kindred  surveys  abroad. 

Carefidly  determined  positions  of  light-houses,  of  headlands,  of  out- 
lying rocks,  and  of  coastline;  careful  observations  to  determine  the 
magnetic  declination  of  the  compass  needle,  thnt  mainstay  of  the  mar- 
iner, his  guide  over  the  pathless  ocean,  careful  obsei'vance  and  record 
of  tidal  phenomena  all  along  our  coast,  and  exiict  methods  of  triaugu- 
lation  on  which  to  base  our  topographic  and  hydrographic  surveys, 
were  all  necessary,  before  safe  and  reliable  charts  ccmld  be  pla<?«d  in 
the  hands  of  the  mariner  to  enable  him  to  properly  guard  the  human 
lives  and  valuable  cargoes  de])endent  upon  his  intelligent  care. 

A  "  pretty  good  chart  only  "  for  the  purposes  of  rapid  steam  naviga- 
tion, where  a  ship  approaches  or  runs  along  the  coast  at  a  speed  of  a 
mile  in  three  minutes,  would  be  as  little  acceptable  or  useful  to  the 
modem  mariner  as  "a  pretty  good  egg  only"  to  the  average  man — au 
offense  in  both  cases. 

Our  topograx)hic  maps  along  the  seaboard,  made  for  chart  purposes 
and  for  military  use,  have  been  niiide  to  show  in  detail  cont<1urs  of 
level,  summit  elevations,  the  positions  and  relative*  size  of  rocks  lying 
off  or  along  the  coast;  in  a  word,  have  furnished  truthful  to])ographic 
delineations  of  the  lands  adjacent  to  the  seaboard,  inchiding  all  cadas- 
tral or  cultural  features,  combining  results  of  value  t4)  the  mariner,  to 
military  defense,  to  the  farmer,  and  the  land  owner. 

Made  as  they  have  been  made,  (mr  surveys  have  furnished  a  basis  of 
truth,  a  solid  ftmndation  at  least,  to  buihl  county  and  State  maps  uiK>n, 
along  the  whole  seaboard  of  the  United  States;  and  in  surveys  of  the 
interior,  wherever  our  geodetic  work  has  been  carried  it  is  accepted, 
and  it  may  well  be,  as  un(iuestioned  authority  upon  which  to  base 
State  work. 
U48 
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If  the  topography  of  tlie  Coa8t  and  Geodetic.  Survey  shoiiUl  be  car- 
ried further  iidand,  the  work  already  done  will  ai!brd  a  starting  base 
for  future  operations,  but  the  special  conditions  of  exactitude  and  de- 
tail which  govern  the  seaboard  work  do  not  there  exist. 

As  an  illustration  of  the  difference  of  conditions,  there  are  still  great 
areas  in  the  great  West,  west  of  the  Rocky  Mountains,  so  sparsely  set- 
tled that  at  this  day  the  treatment  of  cadastral  or  cultural  features 
need  have  no  phvce  in  the  discussion  of  questions  of  proper  scale  or 
time  or  method  in  making  surveys  of  them. 

Many  of  tlu\se  areas  are  rainless  as  (Hunpared  with  eastern  areas, 
and  simie  of  them  nearly  waterless,  and  thus  not  open  to  ready  settle- 
ment, but  the  valleys  and  ])lainsof  most  of  these  areas  would  ^^  blossom  . 
as  the  rose"  if  moderate  irrigation  could  be  provided. 

The  hardy  growth  of  sage  brush  of  various  kinds,  covering  millions 
of  acres  of  wild  lands  in  the  public  domain  of  the  United  States,  seems 
from  repeated  experience  in  many  different  localities  to  indicate  a 
latent  strength  and  fertility  in  the  soil  that  water  and  the  i)low  may 
develop  into  rich  arable  land. 

The  i)eoi)le  of  the  ITnited  States  need  never  be  hopeless  of  these 
lands  of  theirs  after  the  recorded  experienccii  of  the  French  Govein- 
ment  and  engineers. in  bringing  areas  of  the  Saharan  desert  under 
cultivation,  through  abundant  water  furnished  by  artesian  wells. 

The  areas  sj>oken  of  are  cut  frequently  by  intercepting  ridges  of 
high  and  rock-ribbed  mountains,  with  elevations  running  up  to  10  (X)() 
or  12  000  feet  above  sea  level,  their  summits  covered  with  snow  for 
several  months  in  each  year. 

These  areas  are  a  part  of  the  great  farm  belonging  to  the  Unit<Ml 
States,  and  if  our  population  increa^ses  for  the  next  one  hundred  years 
as  it  has  in  the  past,  they  must  all  be  brought  under  occupation  5  and 
as  the  crowding  of  areas,  now  well  filled  by  ])opulation,  becomes  more 
and  more  felt,  money  must  be  si)ent  and  experiments  made  to  prove 
the  value  of  these  lands  for  homestead  purposes. 

In  this  view  alone  it  seems  evident  that  a  certain  amount  of  defined 
knowledge  in  regard  to  relative  elevations,  ])resent  natural  roads, 
mountain  passes  from  valley  to  valley,  water  courses  whei^  they  exist, 
and,  in  a  word,  all  information  which  may  lead  t<>  a  determination  of 
the  present  and  prosi»ective  values  of  these  wild  lands,  would  be  of 
great  use  to  the  Government. 

It  seems  fnrther  evident  that  the  survey  re([uired  for  the  purpose 
indicated  might  be  on  quite  a  small  scale  and  much  more  generalized 
as  to  details  than  wtmld  have  been  either  practicable  or  jiroti table 
ui»on  the  seaboard  of  the  country. 

rt  is  believed  that  even  such  generalized  surveys  would  Ix^very 
gieatly  enhanced  in  value  and  without  material  increat^v.-  ^jN.  ^5^^^^^^'^ 
basing  them  always  ufKin  carefully  determined  triangvvV-3^Av^>x>^v^^>a^.^^ 
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thus  atfordin^  the  ineaiis  of  joiiiiiij|(  iutelli^eutly  and  accurately  at 
sfiiiie  future  time  suc^cessivo  areas  at  first  uncoiiiiected. 

TTiese  stations  of  trian^ulation  once  Oircupied  and  marked  woaUl  be 
available  for  future  work  for  all  time,  where  settlement  should  iirtro- 
dnc^  new  features  and  develop  necessity  for  a  more  rom])lete  toiH>- 
^r»i)hic  survey. 

The  triangulation  would  not  need  to  be  elaborate,  but  rather  of  a 
quality  to  caiTy  with  it  constant  evidence  of  the  degree  of  aecurac^y 
attsiined,  and  thus  avoid  with  certainty  the  element  of  indefiniteuens. 

This  would  be  accomplished  by  the  occupation  of  all  the  stations  in 
any  main  scheme — thus  checking  the  filling  of  triangle^} — and  by  double 
determination  of  all  inferior  <and  subsidiary  stations. 

These  determinations  by  the<Hlolit(»  would  serve  as  a  basis  for  locat- 
ing toiH>gra])hic  work,  even  if  dettu'hed,  in  such  a  way  that  when  de- 
sired it  could  be  (connected  intelligently  with  other  detached  arcAS. 

A  theodolite  of  1^  inches  diameter  reading  to  3  seconds  would  be 
quite  ecjual  to  the  requirements  of  the  triangnlations  intended  to  be  out- 
lined. 

A  ]>lane-table  for  toi>ographic  detail,  with  an  odometer  and  several 
aneroid  baromettfrs  as  auxiliaries,  would  in  some  cases  facilitate  prog- 
ress. 

Absolute  elevataons  at  distances  from  the  seaboard  could  bo  deter- 
mined trigonometrically  and  from  known  datum  planes.  The  barom- 
eter, if  carefully  used  in  settled  weather,  would  furnish  approximate 
elevations. 

In  1875,  with  mercurial  barometers;  starting  from  the  datum  plane  of 
the  Central  Pacific  road  at  Eedding,  Cal.,  by  synchronous  observa- 
tions, a  Coast  Survey  party  obtained  the  elevation  of  Strawberry  Valley 
at  the  foot  of  Mt.  Shasta,  and  by  similar  observations  at  the  summit 
of  the  mountain  and  at  Strawberry  Valley  on  two  days  at  stated  hours, 
9,  12  and  3  p.  m.,  the  elevation  of  the  summit  was  approximately 
determined  to  be  14,440  feet*  above  sea  level,  with  a  plus  or  minus 
correction  of  50  feet. 

With  the  admission  that  results  proportionally  close  for  general  eoii- 
toiu-s  in  a  ])reUminary  survey  would  be  satisfactory,  it  is  evident  the 
barometer  could  be  used  to  advantage. 

Of  course  in  unsettled  weather  the  barometer  is  not  to  be  dei)ended 
upon  for  elevations,  and  the  "pumping  of  a  barometer"  as  sailors  call 
it  in  a  storm,  has  been  noted  many  times,  and  especially  in  narrow 
gorg(»s  in  California,  when  with  every  blast  of  wind  succeeded  by  a 
momentary  lull,  the  index  of  tlie  instrument  would  resiK)nd,  indicating 
by  its  raj)id  motion  increased  and  suddt^ily  diminished  i)ressure  of  the 
atmos])here;  but  this  does  not  militate  against  the  use  of  the  barom- 
eter as  an  auxiliary  for  elevati(ms,  undtT  proper  conditions. 


*Aii  approximati'-  (Icteruiiuatioii  by  railroad  levels  and  verticiil  angles)  gives  14,350 
feet. 
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It  \vA»  been  shown  that  the  work  done  upon  onr  seaboard  by  the 
Coast  p.nd  Geodetic  Survey  has  been  generally  first-class,  and  that  it 
(;ould  not  otherwise  have  met  the  requirements  of  modern  navigation^ 
leaving  out  of  consideration  the  advantages  in  such  complete  surveys 
to  studies  of  military  defense,  and  the  incidental  advantage  to  the 
farmer,  the  landowner,  and  the  great  land  traveling  i)ublic  of  our 
country.  It  has  been  shown  also  that  surveys  with  equivalent  infor- 
mation of  interior  regions,  largely  the  property  of  the  nation — a  part 
of  the  national  domain  about  which  little  is  authentically  known  and 
where  authentic  information  must  be  desirable  to  the  owner,  just  as 
the  possibilities  and  the  capabilities  of  outlying  and  unimproved  lands 
of  the  private  farmer  would  be  a  valuable  demonstration  to  him — e^mld 
be  obt^dned  at  little  expense  compai-ed  with  the  cost  of  surveys  of  sea- 
board areas. 

There  are  areas  yet  unsurveyed  which  would  require  much  less  de- 
tailed representation  than  the  areas  adja('>ent  to  the  seaboard,  but 
more  than  the  unsettled  areas  of  the  great  West;  and  a  wise  discrim- 
ination will  be  necessary  in  making  recommendations  between  these 
classes  as  to  the  proper  s<'ale  for  fieldwork,  the  amount  of  detail  that 
should  be  required,  an<l  that  just  expenditure  for  whi(rh  a  truthful 
equivalent  in  results  may  with  certainty  be  rendered  to  the  nation. 

Unfortunately,  the  appearance  of  a  map  is  not  always  evidence  of 
authentic  value  as  to  methods  or  results  in  the  survey  upon  which  it 
is  based;  and  unless  its  groundwork  and  foundation  be  true,  and  may 
form  a  useful  basis  for  development,  the  money  and  time  expended  in 
its  decoration  is  only  like  exi)ensive  ornamentation  on  a  rickety  house 
built  upon  a  frail  foundation. 

SCALES   OF    TOPOGRAPHICAL     SURVEYS   OF    FOREIGN    GOVERNMENTS 

AND  THE  UNITED  STATES. 

Great  Britain l-r»00  for  cities  aucl 

1-2500  for  country  in  general. 
France  (formerly) 1-2000  and  1-5000  for  fortified  places  and  vicinity. 

1-4000  for  country  in  general. 
France  (now) 1-10000  for  country  in  general  and 

1-20000  for  monnt4iinon8  dlHtricts. 
Algeria 1-40000  in  the  northern  purt>8  and 

l-UKXXX)  in  the  southern  parts. 

Iklgium 1-20000. 

Denmark 1-20000. 

HoUand  (old  survey) .  .1-25000. 

Holland  (new  survey) .  1-5000  (1874). 

Sweden  and  Norway ..  1-20000  for  s«!tttled  districts  and 

1-50000  and  1-100000  for  the  northern  regions  and  high  moan- 
tains. 
Germany 1-25000  in  general  and  ^ 

1-10000  special  localities. 

1-500, 1-1000, 1-2500  for  engineering  purposes. 

1-125,  1-250,  1-500  for  cities  and  vicinity. 
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Austria 1-12500  for  special  localities  and 

1-25000  in  general. 
Switzerland 1-25000  in  general  and 

1-50000  for  mountainous  districts. 
Italy 1-25000  in  general. 

1-50000  for  mountainous  districts. 

1-10000  for  certain  seaports  and  vicinity, 

Spain 1-25000. 

Portugal 1-50000  and 

1-100000. 
Russia 1-21000  for  settled  districts. 

1-42000  for  northern  provinces  and  for  (also 

1-84000)  the  great  steppes  of  the  east. 

Asiatic  Russia 1-17000  to  l-«4000.      • 

Roumauia 1-^50000  and 

1-100000. 

UNITED   STATES   GOVERNMENT  SURVEYS. 

Lake  Survey  by  the  Engineer  Corj)8  U.  S.  Army 1-10000 

r 1-10000 
Coast  and  Geodetic  Survey {  1-2000C 

11-40000 

(1-^500 
Coast  and  Geodetic  Survey,  special  surveys ;  1-1200 

[  1-4800,  etc. 
( 1-31250 

Geological  Survey )  ^-^5000 

•^  )  1-62500 

1 1-125000 

Supplement  I. 

REPORT  OF  THE  COMMITTEE  ON   ^^METHODS  OF  UNITED  STATES   AND 

FORliiGN  GOVERNMENT  SURVEYS. " 

[Presented  by  Assistant  W.  H.  Dennis.] 

Hesolvedf  That  a  committee  of  five  (5)  be  appointed  by  the  chairman,  to  report  on 
the  metbodH  of  making  tojujgraphical  Hurveys  by  the  several  Departments  of  the 
United  States  and  Foreign  Governments,  and  to  recommend  such  changes  or  im- 
proved mothodH,  if  any,  as  they  may  deem  of  advantage  to  the  work  as  now  exe- 
cuted by  the  U.  S.  Coast  and  Geodetic  Survey. 

Your  coinniitte<s  to  whom  tlie  above  resolution  was  referred,  beg  to 
state  that  the  subject  has  be<»ii  ([uit€  exhaustively  investigated,  ei>ii- 
siderin^  the  limited  time  at  its  command,  and  to  submit  the  following 
papers  as  its  report,  viz:  ('ritical  surveys  for  si)ecial  purposes  in  the 
United  States  by  Assistant  J.  W.  Donn;  to]»ographical  surveys  iu  the 
United  States  and  in  Jtaly  by  Assistant  I).  B.  Wainwright;  surveys 
in  Enj^land  and  France,  and  notes  on  surveys  in  Belgium,  Denmark, 
Holland,  rortugal,  Konmania,  Russia,  Spain,  Sweden  and  Norway,  by 
Assistant  VV.  ('.  Hodj»kins,  and  on  Germany,  Austria,  and  Switzerland 
by  Assistant  J.  A.  Flemer.  Mr.  Flemer  also  submits  a  paper  on  pUo- 
togrammetry.    On  this  subject  a  subcommittee  was  appointed,  who 
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thii9  far  have  been  unable  to  make  the  field  exi^erimoiits  necessary  for 
a  full  report.  It  is,  liowever,  the  opinion  of  the  committee  that  photo- 
grammetry  would  be  of  little  or  no  value  in  making  surveys  of  exact 
scale. 

UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

In  a  paper  on  cartography  submitted  by  Mr.  A.  Liudenkohl  of  the 
Coast  jmd  (xeodetic  Survey  we  beg  to  refer  with  entire  apju-ovalto  the 
statements  on  page  <KK3  relating  to  linear  measure  and  to  the  plane  of 
reference,  and  from  the  investigations  your  committee  concludes  that 
it  is  unable  to  recommend  any  method  of  making  to[)ographical  sur- 
veys that  would  l)e  an  improvement  on  that  now  in  use  in  our  own  service. 
Should  we  however  be  called  upon  to  make  surveys  over  more  extended 
areas,  in  mountainous  countries,  and  on  smaller  scales,  we  believe  that 
the  use  of  the  tachy meter  attaehment  to  the  alidade;  the  distance 
measurer  by  Oertel  &  Son,  Munich,  and  the  improved  aneroid  barome- 
ter would  be  of  great  advantage. 

CRITICAL  SURVEYS  FOR  SPECIAL   PirRPOSES. 
[Presented  hy  AssiBtant  J.  W.  Donu,] 

Surveys  of  this  chanicter  have  been  undertaken  from  time  to  time 
by  the  ("oast  Survey  during  the  past  thirty-five  or  forty  years.  In 
many  instances  the  work  Inw  been  done  for  strictly  compjuative  pur- 
poses, in  the  interest  of  a  scientific^  study  of  the  laws  governing  the 
formation  of  shoals,  the  dynamic  action  of  wave  motion  and  tidal 
currents  in  degrading  or  building  up  the  shores.  The  survey  of  Sandy 
Hook,  Kockaway  inlet  and  l)eaelies,  (^oney  Island  and  Vineyard  Sound, 
llatteras  inlet  and  cape,  Cape  Fear  river  entrance  and  the  Missis- 
sippi delta  are  among  the  localities  where  si)ecial  resurveys  have  been 
r(»quired  because  of  ceaseless  fluctuation  in  their  characti^r  and  con- 
diti<ms. 

The  special  surveys  of  New  Haven,  the  shores  of  the  Delaware  at 
Pliila<lelphia,  tlie  Taunton  river,  Baltimore  harbor,  and  others,  ai'e 
instances  in  point  of  work  donelaigely  in  the  interest  of  impmvements 
of  harbors  and  harbor  ai)]uoaches. 

The  survey  of  Portland  city  and  liarl)or  which  was  urgently  called 
for  during  the  sui)erintendency  of  Pfof.  Benjamin  Peir(*e,  was  made 
under  a  sp(»cial  appropriation  authorized  bj^  the  municipal  authorities 
of  tliat  city.  It  had  for  its  objex't  the  improvement  of  the  water  front 
along  Fore  river  (the  Harbor  proper)  and  the  Back  Bay,  and  to  secure 
<lata  to  enable  a  commission  to  make  a  scientific  study  of  the  (luestion 
involved,  viz:  a  large  reduction  of  the  water  ar^a  of  the  Ba^'k  Bay  or 
basin  which  at  low  w^ater  presented  a  vast  expanse  of  unprofitable  fiats 
tlirough  which  a  narrow  winding  stream  made  its  way.    TIslv^  vi>^  ^^n^- 
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thoritieR  deemed  the  subject  of  sueli  importance  as  t<>  devote  1^15,000 
to  a  most  accurate  survey  of  tlie  wliole  area  covered  by  the  city,  Fore 
river,  and  the  bay  above  mentioned. 

The  work  was  begun  by  tjie  Coast  Survey  in  the  summer  of  1868, 
and  the  methods  adopted  were  quite  similar  to  those  usually  practiced 
by  civil  engineers,  with  the  exception  that  a  plane  table  was  used  for 
the  determination  of  the  relief  indicated  by  contours  of  6- foot  interval, 
instead  of  a  transit.  These  contours  were  run  in  by  level  determina- 
tion of  cross-section  stakes,  distances  measured  by  steel  tape  and 
]>]otted  upon  i)lane  table  sheets. 

•  In  1809  the  sui'vey  was  (continued,  the  summer  months  constituting 
the  season  of  practical  work.  The  manner  of  prosecuting  the  survey 
was  essentially  changed  from  the  method  used  the  previous  year.  The 
plaiie  table,  in  its  complete  adaptability  to  the  highest  as  well  as  the 
lowest  orders  of  surveys,  was  used  to  the  fullest  extent  of  its  locative 
power.  The  scale  of  1-1200  =  100  feet  to  the  inch,  represented  in  its 
full  plan  every  cultural  detail  in  the  city  and  suburbs  and  every  feature 
of  the  relief  capable  of  being  expressed  in  terms  of  the  6-foot  contoor. 
Instead  of  cross-section  stakes,  as  in  the  lU'evious  summer,  each  con- 
tour was  traced  by  the  level  rod  directed  by  the  level,"  and  its  distance 
from  the  station  of  the  plane  table  determined  by  steel  tape  measure- 
meutw.  Railroad  (nirves  were,  locatiul  by  plane  table  intersections,  as 
wen*  the  corners  of  houses,  angles  of  streets,  curb  and  building  lines. 

In  the  survey  of  Craney  Island,  Virginia,  made  in  1874  by  request  of 
the  Ordnance  Bureau,  U.  S.  Xavy,  an  advance  was  made  in  the  method 
of  measurement  by  the  free  use  of  the  telemeter.  The  scale  of  this 
survey  was  also  1-1200,  l)ut  the  contour  interval  was  1  foot.  How 
ef!i(»iently  the  telemet<M'  was  found  to  be  applicable  to  the  development 
of  the  relief  by  that  small  interval  is  shown  in  the  sheet  of  that  survey. 

The  most  extcmsive  survey  on  so  large  a  scale  as  1-4800  ever  per- 
formed in  the.  United  States  was  carried  over  the  area  of  the  District 
of  Columbia,  about  00  scjuare  miles,-  between  the  years  1880  and  1891, 
The  metliods  of  work  us(»d  for  the  (.-raney  Island  survey  were  adopted. 
Based  on  a  sufficiently  minute  triangulation,  the  plane  table  and 
telemeter  and  tlie  wye  h»vel  and  rod  were  used  for  all  determinations  of 
details.  The  relief  was  elaborately  indicated  by  contour  intervals  of 
5  feet.  The  datum  plane  furnished  by  the  Engineer  department  of 
the  District  of  (Columbia  wa^s  that  on  which  was  based  all  the  levels 
nuMle  for  grades  of  streets  and  |ewers  in  the  city  of  Washington.  The 
survey  lieing  espe(*ially  made  for  the  x)urpose  of  extending  streets  and 
avenues  l)eyond  the  city  limits,  and  involving  the  wliole  subject  of 
future  grades  when  tho8<»  extensions  should  beco  me  necessary,  it  was 
entirely  appropriate  that  the  levels  of  t\w.  survey  should  conform  to 
the  datum  given. 

From  this  datum  along  all  ro<ads,  avenues,  aii<1  railroads,  lines  of 
levels  were  run,  and  after  careful  checking  in  tho,  usual  manner  bench- 
marks were  placed  in  positions  convenient  to  all  parts  of  the  field. 
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Where  roads  were  infrequent,  lines  were  run  across  country  so  that  the 
sum  total  of  all  the  bench-marks  established  for  purpose  of  contouring 
ran  high  up  into  the  thousands.  The  plane-table  stations  were  estab- 
lished so  as  to  easily  reach  every  part  of  the  field  and  so  close  together 
that  it  was  generally  possible  to  encompass  the  distance  from  station 
to  station  when  intervisible,  by  readings  within  the  range  of  the  tele- 
meter. The  mode  of  procedure  was  as  follows:  The  plane  table  hav- 
ing been  placed  in  position  by  a  graphic  solution  of  one  of  the  several 
methods  of  the  three  point  problem,  the  level  in  the  meantime  having 
had  its  elevation  above  a  near  bench-mark  determined  and  the  target 
of  the  level  rod  fixed  so  as  to  give  the  bottom  of  the*rod  when  its  target 
was  in  the  line  of  sight  with  the  level,  the  measure  of  a  contour  inter- 
val above  or  below  the  bench-mark,  the  party  was  in  readiness  for 
making  an  advance  movement.  The  rodman  then  began  his  journey 
along  the  imaginary  horizontal  line  i)re8entiug  his  rod  vertically  held 
for  the  observation  of  the  leveler  at  each  noticeable  change  in  the  con- 
figuration of  the  ground,  and  when  the  target  had  found  its  place  in 
the  line  of  sight  in  the  level,  the  telemeter  rodman  presented  his  tele- 
meter held  as  nearly  as  practicable  perpendicular  to  the  line  of  sight 
from  the  alidade,  for  the  reading  of  the  distance  between  the  plane-table 
station  and  the  level  rod  when  held  at  the  point  in  the  contour.  This 
being  read  and  plotted  on  the  jilane-table  sheet,  the  rodman  advanced 
along  the  line  as  far  as  the  distance  could  be  conveniently  read  from 
the  plane-table  station.  Generally  two  and  sometimes  three  contours 
were  thus  run  from  one  level  station  as  far  in  both  directions  as  the 
scale  of  the  telemeter  would  safely  permit.  After  the  limits  of  the 
distances  as  read  from  the  i)lane  table  were  reached,  a  turning  point 
below  the  elevation  of  the  level  for  higher  or  lower  contours  was  fixed 
and  the  level  moved  to  another  position  and  its  elevation  determined. 

In  this  manner  many  thousands  of  miles  of  contours  were  run  over 
the  area  of  the  survey. 

The  plane-table  operat<)rin  this  work  had  no  idlemcTnents,  his  atten- 
tion being  constantly  fixed  on  the  movements  of  his  leveler  and  rodmen, 
excepting  when  the  new  position  of  the  level  was  being  taken.  Thus 
his  eyes  and  hands  were  busy  in  drawing  lines  of  intersection,  deter- 
mining the  numerous  other  details,  and  drawing  the  permanent  lines  of 
his  work. 
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METHODS  OF  TOPOCJRAIMIV  IN  THE  KNITED  STATES. 

[I*ri*MrnttMl  liy  AsHiNtaiit  D.  B.  WainwriRlit.J 

*'Qiiot  hoiiiitirs,  t4)t  seiitentiji* " — many  men,  many  minds — may  well 
be  tiiken  as  the  text  of  any  ac(;ount  of  tlie  toi>ographieaI  surveys  of  tbt$ 
United  States.     . 

One  of  the  most  tnmhlesome  questions  whieli  arise  in  treatinii:  the 
subject  IS  to  ^ive  a  f^ood  definition  for  the  words  '*  topo^craphicnl  sur- 
vey.-' Anyone  who  may  fjo  out  and  make  a  sketeli  of  a  certain  art^a, 
Jottinjj^  down  the  rehitive  positions  of  ee>rtain  features  of  the  earth's 
surfiice,  may  return  with  the  idea  that  he  has  made  a  to]>o|i^i^phical 
survey.  Anothei*  with  more  purposes  in  view,  more  requirements  to 
be  satisfied,  will  name  tlie  foregoing:  a  sketch,  and  to  fulfill  his  waut^t 
will  use  a  compass  and  some  simple  means  for  mesisuring  distiince. 
With  these  he  will  determin(^  a  number  of  prominent  features,  sketch 
the  intervals  between  them,  ph>t  the  whole  to  scale  on  a  sheet,  and, 
unless  he  is  a  man  of  rare  modesty,  the  words  '*  toiK)graphical  survey'' 
are  sure  to  appear  conspicuously  iu  the  title. 

And  still  another,  from  his  ])oint  of  view,  will  call  the  preceding 
result  a  recrmiiaissance,  and  will  i)ro(ieed  to  map  the  country  with  more 
reHned  methods,  em])loying  a  greater  number  of  instruments,  and 
obtaining  a  greater  number  of  details. 

And  so  we  advance  in  an  ascending  scale,  until  the  large  cadastral 
surveys  are  re^iched,  where  even  the  ground  plans  of  small  houses  are 
faithfully  shown,  and  the  relief  is  expressed  by  contours  of  small  inter- 
val.  The  varieties  of  instruments  used  have  been  as  numerous  as  the 
ditferent  classes  of  work  performed. 

The  simplest  instrument  that  1  am  aware  of  was  employed  far  bac^k 
in  the  thirties.  In  this  case,  I  am  credibly  informed,  the  to]>ographer 
traversed  some  hundreds  of  miles  of  New  .Jersey  roiwis,  using  the  stride 
of  his  horse  for  measuring  the  distance,  and,  having  ow  the  back  of  his 
left  hand  a  (luadrant  marked  otf  in  ink,  he  determined  the  angular 
turns  by  sighting  his  right  liand  over  this  most  novel  graduation. 

This  instrument,  1  believe,  was  only  em]»loyed  by  its  inventor,  but 
is  inentione<i  here,  not  only  because  it  is  uiii({Ue  on  account  of  its  origi- 
nality and  simi»licity,  but  it  plainly  exemjdities  the  fact  that  a  Coast 
Survey  otlicer  can  us<»  "cheai)'' instruments  when  necessity  reipiires 
him  to  give  clu'ap  I'csults. 

From  this  simple  type*  then*  is  a  range  of  choice  through  many  forms 
of  varying  comi)lcxity,  until  we  arrive  at  the  modern  plane  table  as 
manufactured  for  the  < 'oast  an<i  Geodetic  Survi^y,  which,  while  it  is 
still  susceptible  of  further  improvenu'ni,  stands  in  my  estimation  pre- 
eminent as  the  instrument  for  tlu^  toi»ogra])her. 

The  military  ex]KMlitions  sent  out  by  the  (lovernnu'ut  in  the  earlv 
])art  of  the  century  into  tlie  then  unknown  West,  all  obtained  in  their 
explorations  material  for  charting  the  country  traversed.     With  long 
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distances  to  pass  over  and  great  hardships  to  contend  against,  the  in- 
strumental work  was  necessarily  of  the  crudest  sort. 

The  geoh)gical  reports  of  the  various  States  all  have  maps  accom- 
])auying  them.  These,  however,  were  mostly  compiled  from  land  sur- 
veys, and  the  geologists  almost  invariably  complain  gf  their  inaccuracy, 
and  urge  the  necessity  of  regular  topographical  surveys. 

The  surveys  of  Hay  den,  Powell,  King,  and  Wheeler  were  all  intended 
to  cover  in  a  short  space  of  time  large  areas  of  country  of  which  little 
was  known,  and  a  large  portion  of  which  consisted  of  mountains  of  the 
most  rugged  description.  The  details  were  determined  from  meander 
lines,  generally  controlled  by  triangulation,  and  the  (4evations  attiiined 
by  barometer. 

The  survey  of  the  Adirondack  wilderness  in  Kew  York,  by  Colvin, 
was  made  in  a  more  precise  manner.  With  a  base  derived  from  the 
triangulation  of  the  Coast  and  Geodetic  Survey  a  scheme  was  developed 
covering  this  region  with  a  number  of  well-determined  points.  The 
observations  were  made  with  a  theodolite,  and  careful  attention  paid 
to  details.  The  prominent  peaks,  summits,  ridges,  valleys,  and  lakes 
were  determined  by  intersections  from  the  triangulation  stations,  and 
those  of  minor  importance  sketched  in. 

For  ascertaining  the  heights,  and  plotting  the  relief,  a  mercurial 
barometer  was  employed — the  aneroid  proving  too  unreliable.  Dudley 
Observatory  was  used  as  a  point  of  reference  for  the  whole  survey,  and 
numerous  base  stations  were  determined  by  synchronous  observations. 
These  stations  were  situated  at  the  foot  of  the  mountains,  and  served 
to  chex5k  the  observations  taken  at  a  greater  altitude,  when  local  atmos- 
pheric disturbances  rendered  a  direct  comparison  mislea<ling. 

An  error  ot  70  feet,  Mr.  Colvin  states,  might  have  crept  into  the 
determination  of  some  of  the  peaks  but  for  this  precaution.  It  was 
also  noted  that  the  mountain-locked  valleys  were  i)eculiarly  subject  to 
irregular  changes,  local  in  character. 

The  inventive  faculty  seems  to  be  well  developed  in  the  true  topog- 
rapher; and  it  is  hardly  a  source  of  wonder  when  we  recall  the  endless 
variety  of  difficulties  he  is  constantly  meeting,  requiring  prompt  solu- 
tion, and  which  are  only  overe^ome  by  a  resort  to  clever  devices.  One 
instance  of  this  talent  has  already  -been  given.  Mr.  Colvin  illustrates 
his  report  with  several  examples. 

The  height  of  some  inaccessible  peak  being  desired,  it  was  deter- 
mined from  one  of  greater  altitude  by  occupying  a  point  on  the  side  of 
the  latter  where  a  telescopic  level  would  indicate  that  a  horizontal  line 
would  pass  tangent  to  the  top  of  the  former.  The  distance  being 
known  from  intersections,  the  combined  correction  for  curvature  and 
refraction  is  added  to  the  altitude  of  the  point  of  observation  as  given 
by  the  coiTCcted  barometric  reading,  and  the  result  will  be  the  desired 
height  of  the  distant  X)eak. 

U.  £x.  43,  pt.  2—42 
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In  the  case  of  a  lake  so  hidden  away  in  the  forest  that  it  was  impos- 
sible to  fix  its  position  by  ordinary  means,  a  calm  night  was  chosen, 
and  observers  being  stationed  at  known  and  commanding  points  a 
rocket  was  fired  from  the  edge  of  the  lake  at  a  given  signal  and 
observed  upon  with  the  instruments.  Should  this  lake  also  have  such 
an  extent  of  shore  line  as  to  make  it  requisite  to  determine  more  points 
along  its  borders,  Mr.  Colvin  would  obtain  these  by  having  recourse  to 
a  modification  of  the  old  expedient  of  boat  and  mast,  so  familiar  in 
Bowditch  for  a  harbor  survey. 

Selecting  a  tree  growing  on  the  edge  of  a  semicircular  bay,  a  signal 
is  set  up  at  its  foot.  Another  is  phiced  52*4  feet  higher  up  on  the 
ti*unk.  Taking  a  sextant  and  setting  the  vernier  to  read  3^,  a  search 
is  made  along  the  shore  of  the  bay  until  the  upper,  as  reflected, 
coincides  with  the  lower  signal ;  this  point  will  then  be  1000  feet  dis- 
tant from  the  tree.    From  this  base  the  triangulation  proceeds. 

The  Engineer  Corps  of  th^  U.  S.  Army  seems  to  have  borrowed  the 
traditions  of  their  English  brethren  of  the  Ordnance  Corps.  On  the 
Survey  of  the  Northern  and  Northwestern  Lakes,  conducted  by  the 
Corps  of  Engineers,  the  topography  was  executed  in  substantially  the 
same  manner  as  the  English  Ordnance  Survey,  with  this  exception : 
the  distances  on  the  meander  lines  were  measured  by  means  of  stadia. 
Based  on  a  rigid  triangulation,  the  topography  was  obtained  by  setting 
up  a  theodolite  at  one  of  the  stations  and  running  a  traverse  line  to 
another  triangulation  point,' measuring  the  angles  and  dista^nces  on 
the  way  to  such  details  as  were  visible*  from  the  line.  The  probable 
error  for  any  one  of  these  lines  was  found  to  be  1  in  649. 

The  contours  were  drawn  from  heights  determined  by  vertical  angles. 
The  interval  was  from  10  to  20  feet    The  scale  10000. 

Here  it  seems  pertinent  to  inquire  into  some  of  the  causes  which  led 
the  Ordnance  Corps  to  reject  the  plane  table,  since  their  great  survey 
has  exerted  a  powerful  influence  on  the  choice  of  methods  elsewhere. 
With  the  whole  of  Europe  unanimous  in  favor  of  the  plane  table,  why 
should  Great  Britain  discard  it!  The  answer  is  readily  found  when 
we  call  to  mind  the  climate  of  those  islands,  which  is  proverbial  for  its 
inclemency.  With  a  survey  executed  on  a  large  scale,  with  numberless 
distances  to  be  plotted,  it  is  a  serious  objection  in  such  a  country  to 
have  to  depend,  as  is  necessary  with  the  plane  table,  on  a  material 
like  drawing  paper,  which  expands  and  contracts  according  to  the 
moisture  in  the  atmosphere,  not  equally  in  all  directions,  for  that 
would  be  merely  a  change  of  scale,  but  about  one-fifbh  more  in  length 
than  in  breadth. 

In  our  climate,  if  due  care  is  taken  as  to  the  exposure  of  the  sheet, 

and  on  work  well  controlled  by  triangulation,  this  contortion  is  of  less 

importance.    However  there  are  always  some  days  in  a  season  when 

.     the  conditions  would  be  favorable  for  plane-table  work  were  it  not  for 

K-  the  dampness  in  the  atmosphere.    This  time  we  utilize  in  crating  sig- 
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nals,  sketching,  etc.,  but  in  Great  Britain  the  number  of  such  days  is 
80  out  of  proportion  to  the  number  of  good  days,  that  the  use  of  a 
plane  table  with  a  sheet  made  of  backed  paper  is  out  of  the  question. 
Happily  we  seem  now  in  a  fair  way  to  obtain  a  substitute  for  paper, 
and  thus  get  rid  of  a  serious  objection  to  the  use  of  the  plane  table  in 
all  climates. 

As  to  the  comparative  cost  of  the  two  methods,  the  testimony  is 
in  favor  of  the  plane  table.  It  is  a  specious  argument  to  estimate  the 
cost  of  topography  per  square  mile  in  one  country  by  one  method 
aud  compare  it  with  the  cost  per  square  mile  in  another  country  by 
another  method.  The  conditions  may  be  very  different.  A  favoring 
climate,  a  simple  terrene,  and  a  lack  of  check  work  may  all  make 
the  more  expensive  process  api)ear  the  cheai)est.  But  we  have  in 
this  country  two  pieces  of  work  where  the  conditions  were  substan- 
tially the  same — the  Lake  survey  before  referred  to,  and  our  survey 
of  some  portions  of  New  England.  Both  were  executed  with  the 
strictest  attention  to  accuracy;  both  had  long  stretches  of  shore  line; 
the  climatic  conditions  similar,  if  not  more  favorable  to  the  Lake  Sur- 
vey. Gen.  Oomstock  reports  the  cost  of  the  topography  of  the  Great 
Lakes  as  $151  per  square  mile;  a  former  superintendent  of  the  Coast 
and  Geodetic  Survey  (C.  P.  Patterson)  places  the  highest  cost  per  square 
mile  for  the  New  England  coast  at  $97. 

Another  point  urged  in  favor  of  the  traverse  method  is  the  number 
of  checks  it  receives  before  being  accepted.  Capt.  Boyce  in  the  dis- 
cussion of  Mr.  Josiah  Pierce's  lecture  on  the  use  of  the  plane  table 
enumerates  a  long  list  practiced  in  the  Ordnance  Survey.  Now  all 
these  checks  take  time,  and  add  to  the  cost  of  this  final  result.  Given 
a  proportionate  amount  of  time  and  money  the  work  of  the  plane 
table  can  always  be  checked.  From  two  commanding  stations  the  accu- 
racy of  the  survey  of  a  large  area  can  be  determined  with  unequaled 
rapidity.  It  is  a  lack  of  check  of  some  of  the  work  done  in  this  coun- 
try which  has  thrown  discredit  on  this  method.  An  attempt  to  cover 
large  areas  at  small  cost,  has  resulted  in  the  acceptance  of  all  matter, 
good,  bad,  and  indifferent,  and  &om  this  mass  of  incongruity  is  evolved 
a  map,  fair  in  appearance  and  false  in  detail. 

METHODS    OF    TOPOGRAPHICAL    WOEK    ADOPTED    BY   THE    U.   S. 

GEOLOGIOAL  SUBVEY. 

The  Geological  Survey,  whose  methods  and  instruments  are  more 
akin  to  our  own  than  those  of  any  other  bureau  under  the  Government, 
commenced  during  the  past  decade  numerous  topogi*aphical  surveys  in 
various  parte  of  our  territory.  Mr.  Henry  Gannett  in  Science,  July 
1887,  outlines  the  methods  pursued. 

The  scale  for  the  published  maps  adopted  for  populous  re^^^^^'^js^ 
63500,  or  about  one  inch  to  the  mile;  for  the  Southern  e^Tt^  ^'^^^J^^'^ 
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States,  126000;  for  the  sparsely  settled  regions  of  the  Rocky  Moan- 
tain  Plateau,  250,000;  and  the  field  sheets  to  be  twice  the  scale  of  the 
published  maps.  They  represent  all  natural  features  of  drainage  and 
relief  in  degree  of  detail  proportional  to  scale.  The  relief  is  expressed 
by  contours,  and  the  interval,  according  to  the  horizontal  scale  and 
degree  of  relief  of  the  country,  ranges  from  10  to  200  feet;  the  smallest 
contour  interval  aC'Conipanying  the  hirgest  scale  and  vtce  versa. 

The  topographic  work  is  in  part  prosecuted  by  plane  table,  using  it 
by  the  method  of  intersections  and  in  part  by  traverse  methods.  Both 
were  used  in  Massachusetts.  New  Jersey  was  traversed  with  a  com- 
pass and  odometer,  the  relief  being  determined  by  the  wye  level;  the 
District  of  Columbia  by  telemeter  traverse;  the  Appalachian  region 
mainly  by  compass  and  odometer,  the  elevations  by  barometer  and  ver- 
tical circle.  In  Missouri  and  Kansas,  data  were  compiled  from  the 
General  Land  Office  and  the  heights  measured  by  barometer,  making 
use  of  railroad  profiles  wherever  practicable.  The  Dismal  Swamp, 
Virginia,  was  traversed  by  plane  table  and  odometer ;  the  contour  in- 
terval was  5  feet,  determined  by  the  wye  level. 


Scale. 

Cost    per 
square  mile. 

Massachusetts. 
New  Jersey. 
District  of  Colunabia. 
Appalachian  region. 
Missouri  and  Kansas. 

62500 

62500 

62500 

125000 

125000 

|i2*oo 
650 

7-30 
300 

•90 

NoA" 
Some^» 

Prom  Mr.  Gannett's  "  Survey  and  Map  of  Massachusetts,"  National 
Geographic  Magazine,  Vol.  I,  No.  1, 1  have  abstracted  the  following: 

For  convenience  the  field  work  was  done  on  a  scale  of  30000;  the 
relief  was  expressed  in  contour  lines  traced  at  vertical  intervals  of  20 
feet.  The  map  represents  all  streams  of  magnitude  sufficient  to  find 
place  on  the  scale;  and  all  bodies  of  water,  as  lakes,  swamps,  marshes, 
etc.  It  alsotjontains  all  towns,  cities,  villages,  post-offices — in  short,  all 
settlements  of  any  magnitude — all  railroads,  and  all  roads  with  the  ex- 
ception of  such  as  are  merely  private  ways;  all  public  canals,  tunnels, 
bridges,  ferries,  and  dams.  There  were  excluded  private  roads,  fences, 
various  kinds  of  crops,  and  at  first  isolated  houses;  but  subsequently, 
in  response  to  the  urgent  wish  of  the  Commissioners,  the  Survey  con- 
sented to  locate  the  houses  upon  the  field  maps.  Forest  areas  are 
shown  on  the  original  sheets. 

There  were  upward  of  500  triangulation  points,  mostly  determined 
by  the  Coast  and  Geodetic  Survey,  but  in  part  by  the  Borden  Survey 
and  the  Geological  Survey. 

Throughout  most  of  the  western  part  of  the  State  the  work  was 
done  entirely  with  the  plane  table,  using  the  methods  of  intersec- 
tions.   The  plane  tabler,  starting  with  three  or  more  locations  upon  his 
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sheet,  furnished  by  the  triangulatiou,  expanded  over  the  sheet  a 
graphic  triangulatiou.  This  was  done  beforehand,  before  the  sheet. had 
an  opportunity  to  become  distorted  by  alternations  of  moisture  and 
drying.  This  done,  the  plane  tabler  went  on  with  his  usual  routine 
work,  locating  minor  points  and  sketehing  the  topography  in  contours. 

Elevations  were  determined  as  the  work  progressed  with  the  vertical 
circle  of  the  alidade,  and  minor  differences  of  elevation  between  points 
whose  height  was  known  were  measured  by  the  aneroid  barometer. 
.  The  large  plane  table  of  the  Coast  and  Geodetic  Survey  was  first 
used,  then  the  smaller  form;  finally  the  one  designed  by  Mr.  W.  D. 
Johnson,  of  the  Geological  Survey,  which  is  substantially  a  modifica- 
tion of  the  ball  and  socket  movement,  was  adopted. 

In  the  undulating,  forest-covered  regions  of  th6  southeastern  part  of 
the  State,  the  roads  and  principal  streams  were  traversed  with  theodo- 
lite and  stadia;  and  from  these  lines  the  country  lying  between  them 
was  located  and  sketched. 

The  area  surveyed  by  the  method  of  intersections  exclusively  com- 
prises 3  500  square  miles,  about  three-fifths  of  the  State.  In  this  area 
3 123  stations  were  occupied  by  the  plane  table,  or  slightly  less  than 
one  to  the  squaye  mile.  Besides  these,  17  840  points  were  located  in 
this  area  by  intersections,  making  a  total  of  20  969  locations  within  the 
area,  or  6*2  horizontal  locations  per  square  mile.  In  the  same  area  the 
heights  of  34  893  points  were  measured,  being  10  per  square  inch  of  the 
published  map. 

The  area  surveyed  by  the  traverse  method  is  2  800  square  miles.  In 
this  area  5  615  miles  of  traverse  lines  were  run,  being  2-2  linear  inches 
per  square  inch.  In  running  these  lines  46  524  stations  were  made 
with  the  theodolite,  being  8-3  per  linear  mile  of  traverse  and  18*6  per 
square  inch  of  map.  The  number  of  measurements  of  height  was 
92  561,  being  37  to  the  square  inch.  The  plane-table  party  consisted 
of  one  man  and  assistant,  and  was  furnished  with  a  horse  and  buggy. 
In  the  traverse  work  the  party  consisted  of  a  traverse  man  and  a  rod- 
man,  ^o  horse  and  buggy  was  furnished.  The  average  output  per 
working  day  of  the  plane  tabler  has  been  for  the  whole  survey  3'1 
square  miles,  and  of  the  traverse  man  2*8  square  miles. 

DETAILED   TOPOGRAPHICAL  SURVEY  OF  THE   CITY  OF  ST.  LOUIS,  MO. 

A  large  scale  (1-2400)  survey  of  St.  Louis,  Mo.,  has  been  in  progress 
since  1889. 

It  is  based  on  points  derived  from  the  transcontinental  triangulatiou 
of  the  Coast  and  Geodetic  Survey.  Numerous  bench  marks  were 
established  and  the  average  error  of  closure  of  level  lines  was  0*013 
fe^t  per  mile.  The  party  consists  of  1  topographer,  1  recorder,  3  stadia 
men,  and  1  utility  man.  A  Buff  &  Burger  transit  is  eiivsSsss^'^^>^f*^^*^~ 
ing  horizontal  angles  to  10  seconds  and  vertical  angle^^  ^^*^  "^  ^ss>sscqM^' 
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The  stadias  were  12  feet  long  aud  distances  could  be  read  by  them  to 
458  metres. 

Intermediate  distances  between  bench  marks  were  determined  by 
vertical  angles. 

All  traverse  lines  began  and  ended  at  a  triangulation  point,  or  other 
station  on  connecting  lines.  The  contoar  planes  were  3  feet  apart. 
Number  of  elevations  per  acre,  3*65.  Scale,  2400.  Contour  planes,  3 
feet  apart. 

Cost  of  triangulation $181200 

Cost  of  leveling 2762*00 

Cost  of  topography.". . . .  6060*00 

Cost  of  office 6266*00  • 

Average  cost  per  square  mile  $724*50,  or  $1*13  per  acre. 

Central  Park,  Fairmount  Park,  and  other  localities  were  surveyed 
with  the  plane  table  by  cor|>orations  aud  private  individuals,  but  the 
processes  employed  do  not  present  any  peculiar  features  that  I  am 
aware  of. 

The  purpose  of  this  paper  has  been  to  note  briefly  the  various 
methods  employed  in  this  country  an<l  to  give  a  succinct  description  of 
several  surveys,  each  one  of  which  seemed  typical  of  a  class. 

Our  own  topographical  surveys  illustrate  the  healthy  growth  of  an 
organization  in  which  the  vital  principles  of  accuracy,  adaptability, 
and  improvement  are  manifest. 

The  end  to  be  attained  has  always  been  kept  in  view,  and  the  pur- 
pose has  always  specified  the  means  for  its  attaitiment.  A  rigid 
adherence  to  a  high  standard  of  accuracy  where  small  errors  would 
involve  the  peril  of  many  lives  or  great  wealth  has  been  sturdily  main- 
tained against  a  constant  and  persistent  pressure  for  more,  if  inferior, 
results. 

Yet  when  the  purpose  has  been  the  greatest  amount  of  information 
in  the  shortest  time,  and  preciseness  a  minor  consideration,  oar 
methods  have  proved  sufficiently  elastic  to  adapt  themselves  to  the 
needs  of  an  army  in  a  strange  country. 

During  the  war  of  the  rebellion  large  areas  were  covered  by  Coast 
Survey  officers  attached  to  the  various  armies,  and  yet  such  was  their 
skill  that  their  sketches  often  misled  many  into  supposing  them  to  be 
finished  instrumental  surveys. 

A  story  is  told  of  a  certain  engineer  officer  who  was  deceived  in  this 
manner,  and  after  locating  his  earthwork  by  means  of  a  sketch 
growled  vigorously  because  he  could  not  also  compute  the  amount  of 
excavation  by  it.  In  all  probability  the  sketch  covered  4  square  miles 
and  was  the  result  of  half  a  day's  work. 

These  military  surveys  are  an  example  of  our  most  rapid,  and  the 
cadastral  surveys  for  harbor  and  city  im])rovements  specimens  of  our 
most  painstaking  and  accurate  work. 

In  nearly  all  the  plane  table  was  employed  and  has  proved  its 
efficiency. 
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In  closiug  I  would  state  that  there  are  certain  conclusionR  which 
force  themselves  on  one  in  going  over,  even  hastily,  the  subject  of 
to])ograpliical  surveys,  and  they  are: 

(1)  The  plane  table  in  this  country  is  the  most  suitable  instrument 
for  all  classes  of  work. 

(2)  It  is  still  susceptible  of  improvement. 

(3)  A  new  material  for  plane  table  sheets  is  urgently  needed. 

(4)  Compilations  from  any  source  are  to  be  distrusted  and  only 
accepted  after  careful  verification. 

(5)  A  thorough  system  of  inspe^'tion  and  checks  should  x^revail  in 
all  plane-table  work.  The  method  should  not  depend  alone,  as  it 
sometimes  does,  on  the  unknown  quantities  of  the  topographer's  skill 
and  honesty.  A  good  inspection  would  soon  pick  out  the  incom])etent, 
compel  the  careless  man  to  do  more  accurate  work,  and  the  skillful 
and  conscientious  topographer  would  be  stimulated  by  having  the 
difficulties  and  excellences  of  his  labors  appreciated. 


TOPOGRAPHICAL  METHODS  OF  THE  U.  S.  COAST  AND  GEODETIC  SURVEY. 

[Presented  by  AsBistaut  D.  B.  Wainwriglit.] 

An  exposition  of  the  instrumental  and  personal  processes  necessary 
for  a  precise  and  intelligible  representation  of  nature;  especially  those 
processes  peculiar  to  the  plane  table,  and  which  constitute  its  special 
power  and  opportunity,  sets  forth  the  chief  method  of  topographical 
work  used  by  the  Coast  and  Geodetic  Survey. 

This  paper  is  largely  composed  of  extracts  from  Assistant  B.  Her- 
gesheimer's  treatise  •  on  the  plane  table,  re-arranged  for  this  purpose 
and  with  additions  which  seemed  necessary  to  bring  out  more  clearly 
some  points  of  field  practice. 

For  a  full  description  of  the  instruments  and  their  adjustments, 
explanations  of  the  three  and  two  point  problems,  various  tables  and 
plates,  the  reader  is  referred  to  that  treatise. 

As  our  surveys  are  intended  to  serve  not  only  as  charts  of  our  coast 
and  harbors,  but  also  for  the  many  purposes  of  navigation,  com- 
merce, and  military  defense,  the  topographical  details  to  be  mapped 
are  numerous  and  must  be  quite  accurately  determined.  Two  scales, 
the  10000  and  20000,  have  been  found  the  most  appropriate  for  the 
various  classes  of  field  work;  10000  from  Maine  to  Delaware  Bay  on 
the  Atlantic  coast;  also  for  the  whole  Pacific  coast;  and  20000  for  the 
remainder  of  the  Atlantic  and  Gulf  coasts. 

The  details  might  be  shown  on  smaller  scales,  but  it  has  been  proved 
from  experience  there  would  be  nothing  gained,  either  in  economy  <2k^ 

•U.  8.  Coaet  and  Geodetic  report  for  1880— Appendix,  l^^-^^- 
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rapidity,  from  their  use,  owing  to  the  tax  on  the  t4>pographer  on  accoant 
of  the  more  minute  drawing  involved. 

As  in  all  plane-table  surveyH  it  is  important  that  sufficient  points 
shall  be  determined  from  a  measured  base,  at  such  distances  from  each 
other  that^  when  plotted  on  the  scale  of  the  survey,  they  may  be  reached 
by  the  rule  of  the  alidade  over  the  intervening  spaces,  it  will  be  pre- 
sumed that  this  ha«  been  done,  sis  is  usually  the  case  in  the  Coast  and 
Geodetic  Survey,  and  that  the  sheet  to  be  used  on  the  table  has  these 
points  accurately  plotted,  so  that  they  bear  the  same  relation  to  one 
another  as  the  corresponding  points  of  nature. 

Signals  having  been  erected  at  each  triangulation  point  and  also  on 
all  other  prominent  hills  within  the  area  of  the  sheet,  where  they  would 
l)e  useful  in  providing  additional  control,  the  next  proceeding  will  be 
to  occupy  one  of  the  former  points. 

Care  should  be  exercised  in  choosing  the  day  for  this  portion  of  the 
work,  as  it  is  essential  that  the  plotted  points  of  the  triangulation 
should  be  tested,  and  new  ones  determined  h-om  them  in  the  most  favor- 
able weather. 

The  chief  and  controlling  condition  in  working  with  the  plane  table, 
and  without  which  no  accurate  work  can  be  done,  is  that  the  table 
shall  be  in  position  ;  that  is,  that  all  lines  joining  points  on  the  sheet 
shall  coincide  in  direction  with  the  corresponding  lines  of  nature. 

When  the  table  is  in  position  at  any  determined  point,  any  object  in 
view  may  be  observed  through  the  telescope,  and  the  edge  of  the  rule 
being  kept  sharply  on  the  point  occupied,  a  line  drawn  along  its  edge 
will  be  the  direction  of  the  object  observed  ;  but  as  this  determines 
only  one  element,  that  of  direction,  it  will  be  necessary  to  determine 
its  distance  from  the  point  occupied  either  by  measure  or  by  intersec- 
tion of  this  direction  by  a  dirci^tion  from  some  other  fixed  point,  which 
will  intersect  the  first  direction  at  an  angle  when  practicable,  not  less 
than  30^  nor  more  than  150^ ;  all  intersections  can  be  verified  by  a 
direction  from  a  third  point. 

When  a  direction  has  been  drawn  from  a  st>ation  to  any  undeter- 
mined point  that  can  be  occupied,  the  x)osition  of  the  point  may  be  de- 
termined by  occupying  it  with  the  table,  and  putting  the  table  in  posi- 
tion by  the  line  drawn  to  it,  and  resecting  upon  a  signal  whose  corre- 
sponding point  is  plotted  upon  the  sheet.  • 

Before  leaving  the  station,  lines  to  all  prominent  objects,  natural  or 
artificial,  within  the  scope  of  the  station  should  be  drawn.  If  the 
height  of  the  station  be  imi>ortant,  this  should  be  determined,  both  as 
a  guide  for  the  lines  of  equal  elevation  in  the  immediate  vicinity,  and 
as  a  point  of  reference  for  determination  of  heights  from  other  stations. 

This  should  conclude  the  work  at  this  point,  and  the  topographer 
now  proceeds  to  occupy  others  until  he  is  satisfied  that  enough  posi- 
tions have  been  accurately  fixed  over  the  whole  sheet. 

No  definite  number  of  positions,  either  in  regard  to  number  of  square 
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inches  of  plane-table  sheet,  or  square  miles  of  the  region  to  be  sur- 
veyed, has  been  determined  upon.  The  nature  of  the  country  has  had 
more  influence  in  fixing  the  most  desirable  number  of  controlling  point-s 
to  a  given  area  than  any  other  consideration.  Where  the  country  is 
open  and  the  triangulation  stations  commanding  it  are  well  placed, 
a  few  additional  stations  may  suflice. 

Enough,  however,  should  be  furnished  so  that  there  will  always  be 
several  within  the  reach  of  the  ruler,  and  not  too  near  the  edge  of  the 
board,  no  matter  what  portion  of  the  sheet  is  exposed  upon  it. 

The  number  of  plane-table  or  secondary  points  may  be  considered 
sufficient  when  they  are  grouped  together  near  enough  so  that  a  new 
station  may  be  determined  from  them  at  any  place  on  the  sheet  where 
one  may  be  necessary  for  obtaining  details  or  checking  traverse  lines. 

From  the  foregoing  it  will  be  seen  that  the  triangulation  stations  con- 
trol the  main  plane-table  stations  determined  as  secondary  pointB  of 
control,  and  these  in  turn  control  the  ordinary  plane-table  stations 
from  which  the  topographical  details  are  obtained.  All  details  of  suffi- 
cient importance  to  justify  their  exact  location  should  be  determined  by 
intersections  or  measured  te  from  the  instrument. 

There  is  often  occasion  for  a  nice  discrimination  in  using  the  plane 
table  (involving  time,  labor,  and  the  command  of  ground)  between  an 
excessive  number  of  telemeter  measurements,  with  comparatively  little 
sketehing,  and  the  reverse. 

The  former,  besides  entailing  a  loss  of  time,  tends  te  dull  the  skill 
of  the  topographer  as  an  expert  sketeher,  in  giving  less  opportunity  for 
estimating  distance,  relative  proportion,  and  the  characteristic  expres- 
sion of  topographical  features.  • 

The  latter  will  result  in  producing  a  *knap  deficient  in  accuracy  at 
critical  points. 

The  best  method  is  to  adapt  the  two  processes  to  the  scale  and  the 
character  of  the  detail.  When  the  scale  is  large  or  the  cultural  fea- 
tures numerous,  the  frequent  use  of  telemeter  measurements  becomes 
a  necessity  to  insure  sufficient  accuracy.  On  the  other  hand,  when  the 
scale  is  small  and  the  region  sparsely  settled  a  liberal  number  of  sta- 
tions should  be  occupied  so  as  to  obtain  views  of  a  feature  from  more 
than  one  point,  and  Ihe  details  sketehed  in  by  the  eye  aided  with  a  small 
number  of  telemeter  readings. 

For  filling  in  this  skeleton  with  all  the  details  that  may  be  desired, 
the  plane  table  is  set  up  at  any  desired  place  where  a  good  view  of  the 
surrounding  features  can  be  obtained.  If  this  place  has  not  been  pre- 
viously determined,  it  is  now  effected  by  means  of  the  resection  of  lines 
from  three  known  points  (the  three-point  problem).  Next,  angular  read- 
ings by  means  of  the  arc  of  the  alidade  are  taken  on  objects  whose  alti- 
tude is  known,  and  the  height  of  the  instrument  above  th^^A^^s^ss^^^^^Kss^ 
thus  found. 
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Since  no  topographical  map  can  bo  complete  without  some  systematic 
representation  of  the  undulations  and  changes  of  slope  of  the  surface 
of  the  ground^terrene — caused  by  the  oscillations  of  the  earth's  crust, 
erosion,  abrasion,  or  artificial  works,  various  modes  have  been  devised 
for  such  representation. 

The  two  methods  of  surveying  curves  of  equal  elevation  are  known 
as  the  regular  and  the  irregular  methods. 

The  regular  methods  include — 

(1)  Surveying  and  leveling  the  skeleton  and  its  traverses. 

(2)  Surveying  and  leveling  the  profile  lines. 

(3)  Surveying  and  leveling  the  base  of  eaeh  level  section. 

(4)  Surveying  and  leveling  the  parts  of  several  level  sections  from 
one  station. 

(5)  The  division  of  the  terrene  into  squares,  triangles,  or  parallelo- 
grams. 

The  irregular  method  consists  in  determining  the  positions  and  heights 
of  a  number  of  characteristic  points  of  the  terrene,  and  in  determining 
from  these  the  traces  of  the  curves. 

This  is  the  method  generally  used  in  surveys  embracing  such  are^is 
as  the  sheets  of  the  Coast  and  Geodetic  Survey  on  scales  of  1-10000 
and  1-20000. 

The  vertical  intervals  at  which  curves  should  be  drawn  must  be  deter- 
mined by  the  object  and  Kecei5j^i ties  of  each  case,  and,  in  a  measure,  by 
the  gentleness  or  abruptness  of  the^5it>pe.  As  a  rule,  with  such  features 
as  prevail  on  the  New  England  coast  oWlj^  United  States,  intervals  of 
20  feet  are  found  to  develop  the  form  with  stffli^ent  detail  on  1-10000 
scale,  but,  for  purposes  of  construction,  iiitervalsttf  ^  ^^^^  <>*'  ®ven  less 
are  often  found  desirable  on  larger  scales.  \ 

In  abrui)tV  mountiiinous  .and  comparatively  inaco^'^'*^^^^^  regions, 
where  sketching  must  be  relied  ui)on,  100-foot  cnrvesV"**'y  «uQJice  to 
develop  all  necessary  features.  \ 

Having  already  drawn  the  ground  plan  of  the  locality,  ffj^  alidade 
is  used  both  as  a  level  for  the  observation  of  objects  the  sauilfi  lieight 
as  the  instrument,  and  for  measuring  angles  of  elevation  ancl^^P**®®* 
sion  to  such  of  the  platted  details,  whose  position  at  (critical  pjpii^ts  of 
the  contours  would  materially  assist  the  topographer  in  tracnn  Jf  tUeni. 

No  rule  can  be  laid  down  as  to  the  number  of  elevations  that  Should 
in  this  manner  be  determined  from  eiich  plane-table  st^ition  or  v^^^  * 
gWe^M  area.  It  will  depend  on  the  skill  of  the  topographer  au<^^^® 
modeling  of  the  terrene.  The  number  will  be  adequate  when  h^fe* 
confident  of  tracing  by  their  aid  the  contours  with  an  iiccuracy  suf!i<-T«  -^'^ 
for  the  scale  and  the  purposes  of  the  survey.  A 

It  would  indicate  careless  ami  slovenly  work  if  the  contours  were 
found,  on  examination,  to  deviate  frequently  from  their  true  ])osimwn 
on  the  sheet  more  than  half  an  interval  for  a  slope  of  less  than  5a»iii 
an  open  country.    Where  the  sloi)e  is  steeper  or  in  wooded  regions 
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greater  latitude  is  permissible;  but  even  here  in  representing  the  crests 
of  ridges,  prominent  hilltops,  and  valley  floors  this  limit  of  half  an 
interval  should  not  be  departed  from  for  good  work. 

Each  case  will  present  some  i)eculiarities  which  must  be  met,  as  they 
are  presented,  by  tlie  topographer's  own  resources;  and  as  on  the  ordi- 
nary scales  of  topographical  surveys  a  limit  of  minuteness  of  detail 
must  be  fixed,  a  sound  management  of  work,  established  by  experience, 
will  find  its  strength  resting  upon  a  discrimination  between  important 
and  trifling  features,  and  a  ready  decision  of  what  to  omit  as  well  as 
what  to  include.  Labor  may  be  spent  in  the  development  of  small 
individual  features  which  are  comparatively  lost  on  the  scale  of  the 
work,  while  the  features  characteristic  of  the  forms  produced  by  oscil- 
lation, erosion,  or  abrasion,  indicative  of  the  forces  producing  the  same 
and  which  give  distinctive  (character  to  the  terrene,  may  be  lost  sight 
of  in  the  too  careful  attention  to  minute  details. 

Having  completed  the  work  at  a  given  station,  the  topographer  pro- 
ceeds with  his  party  and  instruments  to  an  adjoining  locality,  where 
he  selects  a  new  station  from  which  he  can  gather  the  details  of  an 
area  bordering  upon  the  one  last  surveyed.  In  this  manner,  by  suc- 
cessively occupying  points  over  the  whole  expanse  of  the  sheet,  the 
skeleton  map  is  filled  in. 

In  a  wooded  country,  where  it  is  impossible  to  find  open  space  with 
range  sufficient  to  see  enough  points  for  determination  of  position  by 
resection,  it  is  nec^essary  to  run  traverses  along  the  roads  with  offsets 
to  such  lateral  features  as  it  may  be  practicable  to  reach  without  the 
expenditure  of  excessive  labor  and  time  in  opening  lines  of  sight.  The 
levels,  when  necessary,  are  carried  along  the  traverse  lines  by  angula- 
tion with  the  vertical  arc  of  the  alidade,  taking  back  and  fore  sights  at 
the  alternate  stations. 

For  this  purpose  the  standard  table  is  used  on  main  roads  and 
wherever  the  details  are  important  and  numerous.  For,  with  com- 
l)as8,  the  deflections  of  the  traverse  will  be  only  approximate,  and  with 
a  transit  instrument  the  necessity  arises  for  platting  with  protractor 
on  a  sketch,  with  less  accuracy  and  facility  than  tlie  table  affords. 

When,  however,  the  traverse  line  is  unimportant,  and  few  features 
present  themselves  to  be  noted ;  an  auxiliary  plane  table  oriented  by 
a  declinatoire  or  a  transit  fitted  with  stadia  wires  may  be  employed. 
When  this  method  is  pursued  with  a  second  table  the  forward  station, 
as  given  by  the  telemeter,  is  not  occupied,  but  another  is  chosen  in 
advance  of  it,  and  fi'om  which  it  can  be  seen,  where  the  instrument  is 
set  up  and  oriented  by  the  declinatoire.  Sighting  the  alidade  to  what 
is  now  the  back  station,  the  distance  is  read  and  platted  along  the 
edge  of  the  ruler,  and  the  point  so  determined  represents  the  one 
occupied  by  the  table. 
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It  18  apparent  that  this  method  Ih  more  rapid  than  the  regular  one 
employed  on  main  roads,  but  far  less  ])rei*ise. 

The  regular  method  consists  in*  starting  the  traverse  line  by  occupy- 
ing some  point  pi-eviously  determined  and  sending  the  telemeter  ahead 
to  a  place  selected  for  it«  advantageous  position,  in  reference  either  to 
the  surrounding  features  or  facility  in  obtaining  a  new  section  of  the 
traverse.  Having  sighted  to  this  point,  read  and  platted  the  distance, 
short  guide  lines  should  be  drawn  along  tlie  edge  of  the  iider  at  both 
ends  and  numbered  or  lettered,  so  they  may  be  identified  from  others 
of  like  character.  The  table  is  then  moved  to  the  forward  station, 
approximately  oriented,  and  the  platted  point  carefully  plumbed  over 
the  one  on  the  ground. 

The  alidade  is  now  i)1aced  on  the  table  and  put  in  position  by  bring- 
ing the  edge  of  the  ruler  close  up  to  the  guide  lines;  then  by  revolving 
the  table  until  the  vertical  wire  bisects  the  rod  or  signal,  left  for  that 
purpose  at  the  last  station,  it  is  oriented. 

In  running  traverses,  great  cave  should  be  taken  to  sight  as  low  as 
possible  upon  the  fore  and  back  signals,  so  as  to  avoid  any  error  of  de- 
flection that  might  arise  from  inclination  of  the  signal  x)oles. 

The  stadia  methods  in  plane-table  surveys  for  measuring  distance 
are  either  two  horizontal  fixed  lines  on  glass,  or  webs  in  the  diaphragm 
of  the  alidade  telescope,  which  subtend  variable  lengths  on  a  divided 
stafif  in  proportion  to  distance;  the  staff  having  been  experimentally 
divided  on  measured  distances;  or  a  micrometer  eyepiece  to  the  tel- 
escope, with  two  horizontiil  webs  in  the  diai)hragm,  one  of  which  is 
movable  by  a  finely-cut  screw,  subtending  a  given  length  distinctly 
marked  by  two  targets  on  a  rod.  The  angle,  as  iniliciited  by  the  rack 
and  the  divisions  of  the  screw  head,  giving  the  distance  from  a  table 
experimentally  made  on  measured  distances. 

By  these  methods  400  metres  may  be  measured  within  a  probable 
error  of  1  metre,  which,  on  the  usual  scales  of  phine-table  work,  is  inap- 
preciable, and  within  the  probable  changes  of  the  dimensions  of  the 
paper  from  its  hygroscopic  properties. 

By  the  method  of  fixed  lines  in  the  diaphragm  the  angle  remains 
constant  and  the  chord  variable,  and  by  the  micrometer  method  the 
chord  remains  constant  and  the  angle  variable. 

For  topographical  reconnoissance  a  micrometer  eyepiece  in  the  tele- 
scope for  distance  measure  is  probably  better  than  Hxed  lines  in  the 
diaphragm,  because  in  the  use  of  the  former  the  chord  on  the  staff  or 
other  object  remains  constant  and  can  be  made  longer  or  shortei^  for 
greater  or  less  distances,  the  variable  angle  being  read  with  the  microm- 
eter. On  a  conspicuous  tree  or  on  the  face  of  a  prominent  rock, 
especially  when  on  the  shore  of  a  body  of  water,  a  vertical  distance  the 
length  of  the  chord  of  the  experimentally  made  micrometer-distance 
scale  may  be  marked  with  whitewash,  so  that  it  may  be  used  for  the 
observation  of  distance  from  any  point  from  which  it  may  be  visible* 


REPORT   FOR    1891 — ^PART   II.  669 

Topographical  inethods  of  the  Coast  and  Geodetic  Survey. 

• 

A  lone  tree  on  a  divide  may  for  this  purpose  be  valuable  for  a  large 
arc  of  visibility. 

Where  it  is  necessary  to  make  a  topographical  survey  in  advance  of 
the  determination  of  points  by  triangulation,  a  reconnoissance  is  first 
made  for  the  location  of  a  base  line  and  selection  of  points  to  be  de- 
termined with  the  plane  table. 

The  base  is  then  measured  with  sufYicient  accuracy  for  the  purposes 
of  the  survey. 

Signals  having  been  erected  at  select-ed  i)()ints,  the  extremes  of  the 
base  are  occupied  with  the  table,  and  the  points,  as  far  as  may  be 
reached  with  good  intersections,  determined  from  them,  and  lines  of 
direction  drawn  to  all  the  i)oints  visible  to  serve  as  checks  upon  their 
determination  from  other  i)oiiits  furnishing  directions  for  good  intersec- 
tions.   The  survey  then  proceeds  as  usual. 

It  is  well  at  the  beginning  of  work  to  set  off  with  the  declinatoire 
at  some  determined  x>oint  near  the  middle  of  the  sheet  the  magnetic 
meridian,  for  the  purpose  of  imttiiig  the  table  in  approximate  position 
at  any  station  with  the  declinatoire. 

Before  finishing  the  fi(»ld  work  it  is  important,  when  the  sheet  ha« 
no  projection,  to  provide  data  for  drawing  a  true  north  and  south  line. 
This  is  done  by  drawing  from  a  point  upon  the  sheet,  when  the  table  is 
in  position,  a  line  in  the  vertical  plane  through  Polaris  and  the  point 
occupied  and  recording  the  time  of  observation.  The  azimuth  of  the 
star  at  that  time  being  known,  a  true  north  and  south  line  can  accord- 
ingly be  set  off. 

If  a  small  transit  instrument  is  at  hand  and  carefully  adjusted  for 
movement  in  vertical  plane,  an  assistant  with  a  lantern  can  be  located 
where  the  vertical  i>lane  through  Polaris  and  the  point  occupied  inter- 
sects the  ground  at  a  distance  of  half  a  mile  or  more  from  the  occupied 
station.  When  the  assistant  is  in  i)osition  a  stake  is  there  driven,  the 
direction  to  whi(jh,  from  the  point  occupied,  may  be  determined  by 
daylight. 

If,  in  the  absence  of  a  transit,  the  alidade  has  not  vertical  range 
sufiicient  to  reach  Polaris,  an  illuminated  plumb  line  may  be  used  for 
the  alignment. 


NOTES  ON  TOPOGRAPHICAL  SURVEYS  IN  ITALY. 
[Preseutod  by  Assistant  D.  B.  Wainwright.] 

The  general  topographical  survey  of  Italy  is  carried  on  under  the 
War  Department,  by  the  Military  Geographical  Institute. 

The  officers  are  selected  from  the  general  staff  (etat  major),  mili- 
tary engineers,  artillery,  cavalry,  an<l  infantry.  A  certain  number  of 
enlisted  men  are  also  employed. 

The  principal  business  of  the  Institute  is  the  execution  al  -.di^^^aftRft^s^^^^ 
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and  topographic  works  necessary  to  obtain  the  data  for  tbe  constmc- 
tionof  the  topographic  and  chorographic  maps,  of  Italy,  and  those  for 
military  and  other  public  services. 

The  triangalation  is  constantly  two  years  in  advance  of  the  topog- 
raphy.   The  triangles  are  nearly  eqnilateral. 

The  field  sheets  (scales  50000  and  25000)  from  the  hands  of  the  toi>og- 
rapher  are  reduced  and  drawn  on  the  scale  of  75000  for  the  prodac- 
tion  of  the  final  sheets,  scale  100000. 

The  topographical  and  drawing  divisions  are  both  divided  into  four 
sections,  based  on  skill  and  proficiency,  with  increase  of  pay  according 
to  term  of  service.  The  officers  receive  commutation  of  rations  while 
in  the  field,  and  have  their  traveling  expenses  paid. 

The  field  work  is  entirely  done  by  means  of  the  plane  table.  A  field 
party  consists  of  a  captain  of  the  general  staff  in  charge,  with  firom 
five  to  eight  topographers  (divided  among  lieutenants  of  infantry  and 
general  service  men).  Each  topographer  has  two  assistants,  with  sta- 
dia rods,  by  aid  of  which  all  horizontal  measurements  are  made.  The 
plane-table  sheets,  carefully  prepared  and  mounted  in  advance,  are 
inked  in  and  practically  finished  in  the  field.  All  determined  trianga- 
lation points  are  plotted,  and  altitudes  marked  also,  in  advance.  These 
triangulation  points  are  first  checked,  and  the  magnetic  meridian  is 
then  laid  down. 

A  very  complete  instrument  is  used  with  the  plane  table;  the  differ- 
ences in  elevation  are  computed  at  the  station,  the  distances  obtained 
by  stadia  measurements,  and  the  contours  drawn  at  10  metres  apart  for 
the  50000  scale,  and  5  metres  apart  for  the  25000. 

As  much  of  the  area  now  being  done  by  the  Institute  has  been  cov- 
ered by  former  topographical  and  cadastral  surveys,  several  toiK>g- 
raphers  may  work  on  a  single  sheet. 

Field  minutes  in  the  valley  of  the  Po,  vicinity  of  Florence,  Bonie, 
and  Naples  are  drawn  to  the  scale  of  25000,  and  c^^^rtain  seaports  at  the 
scale  of  10000. 

A  skilled  topographer  is  expected  to  cover  50  to  60  square  kilometres 
per  month  on  the  scale  of  50000,  and  20  kilometres  per  month  on  the 
scale  of  25000. 

Each  hundredth  metre  curve  is  drawn  heavy,  and  on  the  published 
map,  scale  100000,  the  contours,  50  feet  apart,  alone  are  expressed. 

The  finishing  of  the  original  field  minutes  is  done  by  both  technical 
civil  assistants  and  officers.  These  finished  field  minutes  are  converted 
into  finished  originals  by  more  skillful  draughtsmen,  the  line  work  trans- 
ferred, the  lettering,  hachuring,  and  curves  added. 

The  Director  states,  September  2, 1885,  that  the  average  cost  -per 
square  mile  (scale  25000)  for  field  work  (triangulation  and  topography) 
is  $13.12.  It  must  be  remembered,  however,  in  considering  this  small 
amount,  that  the  salaries  and  wages  paid  in  Italy  are  extremely  small; 
and  also  a  great  deal  of  saving  was  effected  by  the  use  of  former  surveys. 
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Deville,  in  his  treatise  on  horizontal  pliotograpby  applied  to  topograph- 
ical surveying,  states  that  this  method  was  successfully  pursued  in 
mapping  some  portions  of  the  mountains  of  Italy.  He  claims  perfect 
success  for  the  method  in  Canada,  where  1000  square  miles  have  been 
(up  to  1889)  surveyed  in  this  manner;  and  says  further,  that  its  failure 
in  other  countries  is  due  both  to  the  use  of  too  large  scales,  and  to  at- 
tempt to  map  areas  having  too  little  relief,  as  it  is  only  adapted  to 
mountainous  regions. 

I  have  been  unable  to  obtain  Paganini's  treatise  on  the  subject,  which 
gives  the  results  obtained  in  Italy. 

These  notes  are  abstracts  from  papers  by  Wheeler,  Derrecagaix,  and 
Deville. 


NOTES  ON  SITRVEYS  OF  ENGLAND  AND  FRANCE. 

[Presented  by  Assistant  W.  C.  Hodgkins.] 

PREFATORY  NOTE. 

It  should  be  borne  in  mind  that,  except  in  Great  Britain  and  Ireland 
(where  all  official  surveys  are  consolidated  into  one  organization),  there 
exists  in  every  European  country,  so  far  as  I  can  ascertsiin,  a  cadastral 
survey  on  a  large  scale,  generally  from  1-2500  to  1-4000,  made  for  pur- 
poses of  taxation,  and  thus  fui^nishing,  in  advance  of  a  topographical 
survey,  detailed  information  in  regard  to  all  the  subdivisions  of  the 
country.  The  iieldworkof  the  topographer  is  therefore  comparatively 
simple.  He  ha4  only  to  run  out  by  traverse  the  roads  and  streams  and 
U)  sketch  the  hill  fowns,  all  the  minute  and  laborious  work  of  plotting 
details  being  saved  him. 

GREAT  BRITAIN. 

The  cadastral  or  ordnance  survey  of  the  United  Kingdom  is  a  won- 
derfully exact  and  elaborate  work.  In  all  its  various  processes  it  apx>ears 
to  aim  at  absolute  certainty  of  results. 

It  is  not  necessary  to  detail  here  the  preliminary  processes  of  the 
survey,  the  astronomical  and  geodetic  work,  etc.  Confining  attention 
to  the  fieldwork  of  the  topographical  survey,  it  may  be  described  as 
follows : 

The  triangulation  having  been  completed  (the  sides  of  the  tertiary 
triangles  averaging  IJ  miles  in  length)  the  rest  of  the  detail  work  is 
done  entirely  by  the  chain. 

The  triangle  sides  are  first  gone  over  with  the  chain,  all  objects 
passed  between  the  x)oints  being  determined  by  ofisets  if  necessaiy. 
Tlie  error  of  chaining  must  not  exceed  2  links  in  1000  or  l-5(Qft  ^^  *^^ 
length* 
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These  chained  lines  fiirniBh  nieauR  to  break  the  triangles  np  into 
still  smaller  ones  by  lineH  run  between  marked  points  on  the  first  lines; 
and  thin  process  of  subdivisicm  is  continued  until  all  objects  of  detail 
are  determined,  including  single  or  detached  clumi>s  of  trees  in  the 
country,  and  in  the  city  or  town  even  the  lamp-posts  on  the  streets. 

All  of  this  work  is  plotted  on  a  large  scale,  1-500  for  the  cities  and 
towns  and  1-2500  for  the  rest  of  tlic  country.  It  is  afterward  examined 
in  the  field  and  any  accidental  omissions  are  supplied.  The  elevations 
above  mean  tide,  based  upon  standanl  level  lines  previously  ran,  are 
placed  upon  the  map,  and  in  certain  cases  contours  are  run  oat. 

The  system  followed  is  to  stake  out  the  (rourse  of  the  curve  and  then 
to  run  it  out  with  compass  and  chain.  In  this  way  arc  run  the  50, 100, 
200,  ;300,  etc.,  up  to  1000,  then  every  250  feet  up  to  2500. 

Intermediate  forms  are  sketched  on  the.  ground  after  the  curves  run 
out  have  been  plotted. 

The  published  maps  on  smaller  scales  are  obtained  by  photographic 
reduction,  from  the  1-2500  scale  plotting. 

In  England  the  plane  table  does  not  seem  to  be  used  at  all,  but  in 
the  survey  of  India  it  is  used  to  some  extent  for  sketching  details. 

There  does  not  seem  to  be  much  in  the  methods  in  vogue  in  the 
English  surveys  that  would  be  of  utility  in  rapid  surveys  of  wild  coun- 
try or  even  in  that  which  is  well  settle<l,  unless  very  elaborate  work 
were  needed. 

FRANCE. 

The  Depot  de  la  Guerre  wa^s  in  its  origin,  in  1688,  only  a  depot  for 
documents  collected  in  the  archives  of  the  War  Department  and  relat- 
ing particularly  to  history  and  military  operations. 

In  1761,  the  Depot  of  Charts  and  Plans  was  joined  to  it  and  enriched 
it  with  a  valuable  collection  composed  principally  of  toi>ographic 
works,  both  printed  and  manuscript,  executed  by  the  engineers  of  the 
camps  and  armies  during  the  reigns  of  Louis  XIV  and  Louis  XV.  It 
was  not  until  1793,  when  the  national  convention  intrusted  to  it  the 
task  of  completing  and  retouching  the  plates  of  Gassini's  great  map 
that  the  Ddpdt  de  la  Guerre  became  an  establishment  for  producing 
maps,  and  at  that  same  time  a  school  of  topographical  engraving  was 
founded  which  has  existed  ever  since. 

For  a  long  time  the  Depot  de  la  Guerre  held  an  independent  posi- 
tion. In  1845,  only,  it  was  ma^le  part  of  the  central  administratioii  and 
formed,  up  to  1871,  a  division  of  the  War  Department. 

When  the  general  staff  of  the  minister  was  created  the  division  of 
the  d6p6t  was  attached  to  the  new  organization. 

Finally  in  1887,  the  Depot  de  la  Guerre  was  abolished  and  was 
replaced  by  the  (Geographic  Service. 

To  the  Geogra])hic  Service  are  intrusted  all  t  he  operations  of  geodesy, 
of  topograi)hy,  andofcartograi)!iy  needed  by  the  army  in  time  of  peai^e 
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as  well  as  in  time  of  war.    It,  farther,  investigates  the  improvements 
which  may  be  possible  in  methods  now  in  use. 
The  service  is  organized  in  five  sections^  as  follows: 

(1)  Geodesy. 

(2)  Precise  surveys. 

(3)  Topography. 

(4)  Cartography. 
(6)  Accounts. 

The  section  of  geodesy  has  charge  of  all  work  coming  under  that 
head  and  which  need  not  be  here  enumerated. 

The  section  of  precise  surveys  executes  large  scale  topographic 
work  requiring  mathematical  exactness.  This  is  a  special  duty  directly 
connected  with  the  construction  of  defensive  military  works.  These 
surveys,  moreover,  constitute  a  basis  for  those  which  may  some  day 
be  underts^ken,  should  the  constantly  growing  needs  of  the  public  serv- 
ice require  the  production  of  a  new  map. 

The  section  of  topography  makes  surveys  upon  the  ground  and  pre- 
pares new  maps  for  general  use.  It  makes  use  of  the  geodetic  opera- 
tions to  fiimish  a  basis  for  its  topographic  network,  to  determine  the 
relief  of  the  ground,  and  to  represent  with  exactness  the  details  which 
ought  to  appear  on  the  various  projections.  The  thankless  and  diffi- 
cult task  of  keeping  the  general  staff  map  up  to  date  by  means  of  an- 
nual revisions  also  belongs  to  this  section;  also  the  surveys  of  Algeria 
and  the  preparation  of  foreign  and  colonial  maps. 

The  official  surveys  of  France  are  conducted  under  the  War  Depart- 
ment by  the  "Service  G^ographique  de  I'Arm^e." 

These  surveys  are  divided  into  two  principal  classes : 

(a)  Precise  surveys. 

(h)  Topographic  surveys. 

Precise  surveys. — ^This  term  in  French  usage  seems  to  be  applied  to 
work  on  which  much  detail  is  shown  and  a  certain  precision  is  required, 
without  necessarily  implying  that  all  the  data  given  is  exactly  correct. 
At  first  the  work  done  under  this  head  was  upon  the  scales  of  1-2000 
and  1-5000,  and  was  restricted  to  the  immediate  vicinity  of  fortified 
places.  As  the  extent  of  ground  surveyed  has  increased,  the  scale  has 
been  diminished  and  the  methods  of  work  modified.  At  present  most 
of  this  class  of  work  is  done  on  1-10000,  except  in  mountainous  coun- 
try, where  1-20000  is  used. 

Methods  of  work  on  1-10000  scale. — ^The  work  on  the  ground  consists 
of  two  parts : 

The  first  part  consists  of  the  establishment  of  a  general  outline 
obtained  by  lines  from  triangulation  i)oints  and  by  traverses  along  fhe 
side  of  polygons,  following  generally  the  roads  and  other  means  of 
communication.    Along  these  roads  connection  is  made  ^vcs^ss^'^vss^s^ 

H.  Ex.  43,  pt.  2—43 
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points  Avith  bench  marks  established  by  i)recise  levels.  In  this  way  a 
network  is  obtained  from  10  to  16  kilometres  (m  a  side  and  divided  into 
small  polygons.  On  the  perimeter  of  these  ][>olygons  are  determined, 
by  the  aid  of  the  tachy meter,  the  geographical  positions  and  heights 
of  a  series  of  marked  points,  generally  about  200  metres  apart.  This 
[preliminary  work  is  done  with  leveling  compasses  or  with  tachymetors 
which  give  angles  to  the  nearest  minute.  The  results  of  this  first  work 
are  plotted  upon  the  plane  table  sheet,  together  with  a  reduction  to 
scale  of  the  cadastral  surveys. 

The  second  part  of  the  field  work  ccmsists  in  revising  the  plotting  of 
the  detail  reduced  &om  the  cadastral  work  and  of  drawing  in  the  hor- 
i7x>ntal  contours  at  intervals  of  5  metres.  Details  are  put  in  npon  the 
plane  table  oriented  by  compass,  using  a  special  form  of  alidade  with 
an  attachment  for  rapid  measurement  of  slopes.  Pacing  is  resoited 
to  for  the  measurement  of  distances  when  the  details  are  not  very  im- 
portant. In  the  plotting  it  is  required  that  the  traverses  shall  close 
within  half  a  milimetre  and  the  leveling  within  four-tenths  of  a  metre. 
In  the  hill  drawing  on  the  plane-table  sheet,  traverses  are  largely  used 
and  points  are  added  by  radiation  from  stations.  The  curves  are  csire- 
fully  drawn  and  records  kept  of  all  measures  of  vertical  angles. 

The  above  method  is  used  in  all  sections  not  too  much  broken.  It 
hns  even  been  employed  in  the  Vosges  and  Jura  Mountains,  but  had 
to  be  abandoned  in  high  mountain  regions.  There,  indeed,  the  reduc- 
tion of  the  scale  demanded  the  change.  The  steepne43s  of  the  slopes 
made  it  useless  to  att<empt  the  delineation  of  curves  with  sogreat  a 
precision.  Besides,  as  the  work  left  the  valleys,  the  running  of  trav- 
erses with  the  tachymeter  became  more  laborious  and  lost  exactness. 
It  was  then  necessary  to  resort  to  more  facile  methods  which  still  give 
a  sufficient  precision.  This  method  has  been  followed  since  1885  for 
surveys  in  Savoy  and  Dauphin^,  the  original  sheets  being  on  1-20000. 

Surveys  on  1-20000, — As  in  surveys  on  1-10000,  the  first  step  is  the 
development  of  the  general  scheme,  obtained  by  tachymetric  traverses 
depending  upon  the  stations  of  the  triangulation.  These  traverses  are 
almost  always  run  in  the  bottoms  of  the  valleys  on  account  of  the  neces- 
sity of  following  routes  which  do  not  present  too  formidable  slopes. 

The  circuits  of  traverses  in  the  scheme  increase  in  length  on  account 
of  the  scarcity  of  routes  of  communication  and  of  the  difficulty  of 
working  over  them.  The  traverse  scheme  then  proves  insufflcient|  and 
it  is  necessary,  in  order  to  complete  the  preparation  of  the  sheet,  to  in- 
troduce a  new  operation,  consisting  of  the  establishment  of  a  graph- 
ical triangulation,  starting  from  broken  bases  formed  by  parts  of  the 
traverses.  This  is  accomplished  by  occupying  the  stations  of  the 
traverse  and  then  determining  by  intersec^tion  all  the  objects  whicli 
form  natural  or  artificial  signals. 

The  graphic  triiingulation  is  made  with  plane  tables  mounted  on  a 
ball  and  socket  joint  formed  of  a  segment  of  a  sphere,  using  birge- 
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sized  eclimetre  rules.  The  slopes  are  taken  during  the  traverse  work 
by  means  of  the  tachymeter.  All  of  this  work  is  plotted  upon  the 
plane  table  sheet.  The  detail  work  is  always  done  directly  upon  the 
X)laue  table,  oriented  by  compass  5  but  little  traverse  work  is  done. 
The  positions  and  elevations  are  determined  by  the  plane  table  with 
sufficient  exactness. 

The  surveys  of  Algeria  are  based  upon  a  geodetic  triangulation  con- 
nected with  Spain  on  one  hand  and  with  Italy  on  the  other. 

The  field  work  is  done  on  1-40000. 

Heights  refer  to  the  mean  level  of  the  Mediterranean.  Wherever 
ca<lastral  surveys  exist  they  are  reduced  to  1-40000  and  transferred 
to  the  plane  table  sheets,  upon  which  the  triangulation  points  have 
already  been  plotted. 

The  field  work  is  done  chiefly  with  the  compass  provided  with  tele- 
scope and  vertical  arc.  The  barometer  is  also  used  for  elevations.  In 
ordinary  country  discrepancies  of  heights  should  not  exceed  2  metres, 
in  mountainous  country,  4  metres. 

The  hill  drawing  is  be^n  at  the  most  elevated  points  and  is  carried 
downward.  From  4  to  12  points  in  each  square  kilometre  are  deter- 
mined in  elevation. 

Where  the  compass  can  not  be  used  on  account  of  local  attraction 
the  plane  table  is  used. 

South  Algeria  is  surveyed  on  1-100000  with  the  plane  table  oriented 
by  compass,  and  with  heights  determined  by  aneroid  barometer. 


METHODS  OF  TOPOGRAPHICAL  SURVEYS  IN  GERMANY,  AUSTRIA,  AND 

SWITZERLAND. 

[Presented  by  Assistant  J.  A.  Flemer.] 
A— GERMANY. 

The  oldest  military  reconnaissances  were  merely  sketehed,  the  dis- 
tances being  obtained  by  the  time  it  took  a  drilled  infantryman  to 
march  over  the  required  line  without  accoutrements  or  baggage.  A 
Prussian  soldier  was  supposed  to  cover  5.5  kilometres  per  hour  in  a 
level  country.  (The  French  assume  that  an  infantryman  will  take  11 
to  12  minutes  to  march  over  a  distance  of  1  kilometre,  or  will  cover  5.2 
kilometres  per  hour.) 

With  the  aid  of  the  plane  table  and  the  theodolite  a  gradual  improve- 
ment has  been  established  in  this  direction  and  the  toiK>graphical  maps 
of  the  Prussian  general  staff  of  the  present  time  are  ranked  among  the 
best  productions  of  the  topographic  art. 
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Since  1871  the  general  Ktaffs  of  Bavaria,  Wiirtepiberg  and  Baden 
have  joined  in  the  operations  of  the  Prunsian  general  staff.  The  sur- 
veys of  the  German  Government  can  be  grouped  into  four  classes: 

(1)  Military  Toi>ographical  Surveys. 

(2)  Cadasti'al   Surveys  (for  taxation). 

(3)  Preliminary  Surveys  for  Engineering  Pur^wses. 

(4)  Scientific  Geodetic  Surveys. 

Bavaria  was  the  first  of  the  southern  German  states  to  make  a  gen- 
eral toi>ographic  and  a  cadastral  survey  of  the  entire  kingdom.  This 
first  survey  was  made  in  the  first  quarter  of  the  present  century  and  it 
was  based  upon  a  KyHtem  of  rectangular  coordinates,  invented  and 
laid  out  by  Soldner.  This  system  of  coordinates  was  subsequently 
extended  over  Wiirtemberg,  Baden  and  Hessen. 

Baden  was  the  first  of  the  German  states  to  make  a  general  topo- 
graphical survey  and  to  use  contours  for  the  delineation  of  the  terrene 
(1825-1846).  The  new  topographic  map  of  Baden  (1874)  shows  con- 
tours in  10  metres  vertical  interval;  it  is  published  in  170  sheets  on  a 
scale  of  1-25000  and  printed  from  copper  plates  in  three  colors.  Tliis 
map  is  based  upon : 

(1)  The  old  topographical  survey. 

(2)  Forestry  and  Cadastral  maps. 

(3)  Eesurveys. 

The  old  maps  were  taken  into  the  field  and  compared  with  the  terrene; 
if  small  corrections  only  were  needed,  these  were  sketched  in;  larger 
corrections  were  made  by  special  resurveys. 

Military  topography, — Under  this  heading  we  can  distinguish  two 
classes : 

(1)  Topogi'aphical  surveys,  made  as  such,  and  independently  carried 
out. 

(2)  Topographical  surveys  based  upon  cadastral  surveys. 

The  former  have  been  chiefly  practiced  in  Piiissia,  Saxony  and  Baden, 

The  latter  (based  upon  cadastral  surveys)  are  represented  by  the 
surveys  of  Bavaria  and  Wiirtemberg. 

The  general  topographical  maps  (''General — Stabs — Karten'^)  of  all  the 
German  states  show  a  remarkable  uniformity  in  their  general  appear- 
ance in  regard  to  general  detail  and  accuracy.  Germany  has  spent 
great  sums  of  money,  much  skill  and  labor  in  the  work  of  revision,  and 
is  continually  improving  the  mjipa  and  bringing  them  up  to  date. 

The  process  of  a  general  toiH>grapliical  survey  of  a  country  passes 
through  three  stages: 

(1)  Trianguljition. 

(2)  Actujil  topography. 

(3)  Cartogrjiphy. 

Trinngulation, — Tlioodolik^-polygons  originated  along  the  Rhine  under 
French  regime^  and  the  eftectiveness  and  accuracy  of  the  trigonometric 
methods  were  soon  generally  recognized  and  now  are  used  throughout. 
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(Hanoverian  Triangulation,  by  Gauss;  Triangulation  of  Latienburg,  by 
Schaniacher;  the  Prussian,  by  Bessel  and  Baeyer;  the  Bavarian,  by 
Soldner  and  Schwerd;  the  triangulation  of  Wurtemberg,  by  Bohnen- 
berger;  the  Hessian,  by  Eckhardt,  etc.) 

In  Austria,  Prussia,  and  Baden  the  triangulations  were  carried  out 
by  the  general  stalls. 

The  German  primary  triangulation  has  triangle  sides  from  10  to  100 
miles  in  length.  The  base  lines  are  measured  with  the  highest  accu- 
racy attainable.  The  latitude  and  longitude  of  at  least  one  point  in 
each  triangle  have  been  determined  by  careful  astronomical  observa- 
tions, and  also  the  azimuth  of  at  least  one  side  of  every  primary  triangle. 

The  network  of  primary  triangulation  is  subdivided  into  triangles  of 
the  second,  third,  fourth,  and  titlh  order.  All  of  the  points  are  well 
marked  and  described,  and  they  form  the  initial  stations  for  the  topog- 
rapher, from  whence  all  other  ])oints  are  determined,  with  aid  of  the 
plane  table;  at  least,  such  is  the  custom  in  Germany,  Austria,  and 
Switzerland. 

The  ordinary  plane-table  sheet  in  Germany  (17  by  20  inches)  contains 
from  20  to  40  triangulation  points  for  the  use  of  the  topographer. 
During  the  work  of  the  triangulation,  both  spirit  and  trigonometric 
level  operations  are  carried  on,  and  the  elevations  of  all  triangulation 
points  are  determined  by  these  two  methods,  while  the  elevations  of  all 
subsequent  points,  to  be. used  for  the  delineation  of  the  terrene  are 
made  by  alidade  and  plane  table,  or  in  wooded  oections  by  barometric 
leveling. 

The  barometers,  in  recent  years,  have  been  greatly  improved  and 
they  are  excellent  for  this  purpose,  the  mean  error  being  comparatively 
small. 

In  Bavaria  and  Austria  barometric  leveling  has  become  a  favorite 
"method  for  topographical  delineations  of  the  terrene. 

In  the  preliminary  governmental  tox)ographic  surveys  for  engineering 
purposes,  in  Germany,  it  is  considered  too  expensive  to  use  the  level, 
and  only  tor  the  final  location  of  railroads,  canals,  roads,  etc.,  the  re- 
lief and  contours  along  the  line  are  determined  by  spirit  leveling  and 
for  all  general  or  preliminary  purposes  the  terrene  is  delineated  by  aid 
of  barometric  leveling  (aneroids). 

In  the  southern  states  of  Germany,  in  Switzerland  and  in  Austria,  the 
^'method  of  barometric  measurements  with  corresponding  observations" 
is  employed  almost  throughout  for  all  general  topographical  surveys, 
lines  of  spirit  levels  being  run  along  main  roads,  railroads,  canals  and 
rivers. 

The  aneroids  chiefly  used  for  leveling  purx)Ose8  are:  Vidi-Naudet*s 
aneroid  (made  by  Goldschmidt  in  Zlirich)  with  microscopical  reading, 
and  J.  H.  Keitz's  improved  aneroid,  made  by  Deutschlein  in  RwnAs^x^^^ 
(known  as  Reitz-Deutschlein's  aneroid)  which  has  also  a  mVc:^^'**^^^^^'^'^ 
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direct  reading,  aud  it  is  claimed  that  0.001  millimetre  can.be  read  off 
with  ease.    (Zeitsehr.  f.  Vermessungswesen,  1874.) 

Aceonling  to  tests  made  by  Prof.  Koppe  with  Naudet's  aneroid,  the 
diameter  of  circular  scale  being  12  centimetres,  and  based  upon  248 
observations  on  points  originally  determined  by  precise  leveling,  the 
probable  error  proved  to  be  1.1  metres.  The  direct  comparisons  gave 
the  following  results: 

114  errorB  were  found  to  be  from  0  to  1  metre. 
70  erroFH  were  found  to  be  from  1  metre  to  2  metres. 
47  errors  were  found  to  be  from  2  metres  to  3  metres* 
14  errors  were  found  to  be  from  3  metres  to  4  metres. 
3  errorH  were  found  to  be  from  4  metres  to  5  metres. 

Tlie  greatest  error  observed  had  been  4.4  metres.  These  tests  were 
made  under  conditions  similar  to  those  which  are  met  with  in  general 
traverse  work. 

Schoder  (Hiilfstabellen  zu  barometrischen  Hohenmessnngen)  gives 
the  probable  error  of  Naudet's  aneroid  (12  centimetres),  based  upon 
forty  seven  observations,  as  0.94  metre  for  differences  of  elevations 
lying  within  the  range  of  0  to  113  metres. 

It  we  remember  that  the  errors  are  not  accumulative  and  adhere 
only  to  single  x)oints,  not  to  be  transmitted  to  subsequent  points,  this 
error  may  not  be  too  great  for  general  topographical  purposes. 

The  elevation  of  every  bench  mark  (determined  by  spirit  level  or  ver- 
tical angle)  which  is  redetermined  by  the  aneroid  will  serve  as  the 
datum  for  all  subsequent  points,  determined  by  aneroids,  until  the 
next  bench  mark  is  reached.  In  other  words,  all  points  which  have 
been  determined  by  aneroid  readings  will  be  referred  to  the  last  bench 
mark  checked  ui)on. 

Biihlmann  maintains  that  the  horizontal  distance  between  station 
and  field  barometer  is  not  to  exceed  37.5  kilometres. 

Bauernfeind  gives  60  to  75  kilometres  as  the  limit  in  lowlands,  and 
no  rjdge  of  hills  should  intervene  between  the  corresponding  barometer 
stations. 

Tlie  station  barometer  is  brought  up  to  the  advanced  field  barome- 
ter every  night,  and  fur  this  reason  alone  it  will  not  often  occur  that 
distances  over  30  to  40  kilometres  will  separate  the  barometers.  Gen- 
erally s])eaking,  the  cost  of  aneroid-leveling  is  low. 

In  1873  two  engineers  with  one  assistant  made  a  survey  of  1,920  hec- 
tares for  the  Rhenish  railroad,  through  a  very  broken  country  in  fifty- 
nine  days.  The  scale  of  survey  was  1-10000,  the  levels  were  taken  with 
aneroids.  After  the  fieldwork  had  been  completed,  the  elevations 
calculated  and  tabulated,  the  map  was  drawn,  based  upon  Prussian 
cadastral  maps,  and  the  contours  drawn  in,  in  vertical  intervals  of  5 
and  1  metres.  The  office  work  took  twenty-eight  days,  including  the 
location  of  the  proposed  railroad. 
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For  final  or  special  surveys  for  engineering  purposes  the  scale  is 
generally  1-2500  with  curves  in  1, 2,  and,  in  very  steep  grades,  5  metre 
intervals.  Whenever  the  character  of  ground  requires  it,  subsurveys 
are  made  on  scale  1-1000,  or  even  1-500. 

Formerly  every  State  had  a  separate  datum  plane  or  point  of  refer- 
ence, to  which  the  elevations  of  topographical  surveys  were  referred. 
After  the  general  topographical  surveys,  however,  had  been  extended 
over  several  States  it  was  found  that  the  elevations  and  contours  of 
adjoining  States  showed  discrepancies,  which  in  some  instances  were 
too  great  to  be  disregarded  even  for  general  purposes.  It  proved  that 
none  of  the  States  had  used  the  same  plane  for  mean  sea  level,  al- 
though all  were  referred  to  "  the  sea.^ 

A  number  of  lines  of  precise  levels  had  demonstrated  the  fact  that 
the  mean  level  of  the  sea  was  different  in  different  seaports  (within 
several  decimetres)  and  the  central  directory  of  the  Prussian  surveys 
decided  to  assume  a  datum  plane  which  would  satisfy  the  greatest 
number  of  the  various  datum  planes  which  had  been  in  vogue  through- 
out the  Empire,  and  after  having  decided  upon  such  a  plane  of  refer- 
ence, to  enforce  the  rule  that  in  all  topogi'aphical  surveys  the  eleva- 
tions and  contours  are  to  be  referred  to  said  plane. 

Northern  Germany  had  used  the  "mean  sea  level"  at  Amsterdam 
as  datum  plane,  and  it  was  found  that  the  zero  mark  of  the  tide  gauge 
at  Amsterdam  was  in  that  plane,  which  satisfied  the  greatest  number 
of  the  different  datum  planes  heretofore  used  in  different  paits  of  Ger- 
many, by  being  very  near  the  mean  plane  for  all. 

Subsequently  this  zero  mark,  termed  "normal  null,"  was  taken 
as  the  initial  point  upon  which  all  levels  in  Germany  are  to  be  referred 
and  a  point  marked  at  the  observatory  at  Berlin  as  being  "  37  metres 
above  normal  null"  is  the  initial  bench  mark  for  all  Prussian  surveys. 
A  net  of  precise  levels  extending  from  Memel  to  Basel  in  one  direction, 
and  from  Cologne  to  Breslau  in  another  direction,  has  been  established 
by  the  German  general  staff,  thus  locating  a  large  number  of  refer- 
ence points  throughout  the  Empire.  The  elevations  and  contours 
shown  on  the  recently  published  topographical  maps  have  been  cor- 
rected with  reference  to  "  normal  null."  In  Baden,  for  instance,  the 
old  data  had  to  be  reduced  2  metres  to  bring  them  down  to  the  new 
datum  plane  ("  normal  null"). 

At  the  present  time  this  plane  of  reference  (normal  null)  is  used 
throughout  Germany,  and  the  value  of  the  uniformity  thus  established 
is  considered  as  greatly  outweighing  the  cost  of  the  work. 

There  are  three  classes  of  leveling  operations  in  Germany.  Banged 
in  their  order  of  accuracy  they  are: 

(1)  Spirit  leveling. 

(2)  Trigonometric  leveling. 

(3)  Barometric  leveling. 
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For  topographical  surveys  we  ftiul  the  plane  table  with  distance- 
reading  alidade  and  the  tachy  metric  plane  table  chiefly  in  use.  The 
i*easons  assigned  therefor  are: 

(1)  Its  great  effectiveness  for  the  delineation  of  the  terrene. 

(2)  Small  damage  to  crops  in  gardens  and  fields. 

(3)  Saving  of  time  by  measuring  distances  to  i>oints  only  (and  plot- 
ting their  positions)  which  are  cardinal  points,  omitting  all  secondary 
or  auxiliary  points. 

(4)  Little  chance  of  omission  of  imiK)rtant  features  of  the  terrene  or 
details. 

In  different  parts  of  Germany  we  frequently  find  the  plane  table  sup- 
plemented by  theodolite  and  stadia  (tach^ometre)  measurements  with 
compass  and  direct  lineal  measurements,  with  lineal  measurements  and 
offsets,  etc. 

Generally  speaking,  however,  the  plane  table  combined  with  spirit 
or  even  barometric  leveling,  is  considered  the  most  efficient  method  of 
making  a  well-developed  topographical  survey. 

Traverse  lines  through  forests  are  frequently  run  with  tachymeter, 
theodolite,  and  compass,  in  combination  with  telemeteri  steel  tape,  or 
even  with  End.  Wittmann's  measuring  wheel.  (Zeitschrifl  d.  Oestr. 
ing.-u.  Arch.-Vereins,  1875.) 

One  well-trained  topographical  party  ("general  staffs)  will,  on  an 
average,  survey  about  0*3  to  0*5  square  miles  per  day  with  the  plane 
table,  on  1-25  000  scale. 

The  tachymetric  plane  table  method  has  gained  many,  advocates  in 
recent  years,  especially  for  the  topographical  surveys  of  Austria  and 
northern  Germany.  One  skilled  topographer,  with  assistant,  can  deter- 
mine 600  points  with  the  tachymeter  in  a  working  day  of  ten  hours. 

Cadastral  surveys. — ^These  are  based  upon  the  measuring  of  a  plant- 
metric  base  line  and  lineal  measurements  along  offsets,  generally.  In 
the  southern  states  of  Germany  the  plane  table  is  extensively  nsed 
for  these  surveys,  while  the  northern  states  give  preference  to  the 
polygenic  methods  nsing  tachymeters,  theodolites,  compass,  etc. 

The  cadastral  maps  of  Bavaria  are  lithographed  on  1-5  000  soalet^ 
those  of  Wiirtemberg  on  1-2  500  scale;  Duchy  of  Brunswick,  1-^000 
scale  for  general  maps  and  1-1 500  for  towns  and  villages. 

The  city  of  Hanover  has  been  surveyed  and  mapped  in  quite  an  elab- 
orate manner : 

Scale  of  general  map  of  city 1-6000 

33  sheets  showing  the  streets 1-1 250 

13  sheets  of  the  13  wards  of  the  city,  into  which  the  city  had  heeu  suhdivided 

for  this  survey ." 1-1 260 

13  sheets  of  the  same  13  sections 1-6000 

Maps  of  aU  city  lots  and  impro venients 1-lJ^ 

Diitliues  of  buildings  of  all   improved  city  lot*},  including  descriptions  of 

building  material  and  estimated  value  of  improvements 1-126 
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The  city  of  Berlin  was  surveyed  on  a  scale  of  1-250.  The  published 
I)laus  are  printed  from  copper  plates  on  scale  of  1-1 000.  The  plans  are 
scratched  into  "gelatin  paper,"  the  scratches  filled  with  graphite  dust 
and  transferred  to  a  thin  wax  coating  upon  the  copper  plates.  After 
haying  been  engraved  on  copper  these  plans  are  transferred  to  stone 
(by  Straube  in  Berlin)  in  order  to  get  prints  from  these,  avoiding  the 
distortion  caused  by  wetting  the  paper  from  coi)per  prints.  An  exten- 
sive system  of  precise  leveling  was  carried  out  uiK)n  which  the  new 
survey  of  Berlin  has  been  based.  In  1886  over  4  000  bench-marks  had 
been  established  on  iron  bolts  (inserted  into  walls  and  buildings) 
specially  designed  for  this  purpose. 

The  permissible  error  for  level  lines  is  given  in  condensed  form  for 
the  new  Berlin  survey  as  follows : 

2  minimotres,  error  for  lengths  up  to  50  metres. 

4  millimetres,  error  for  lengths  Irom  100  to  250  metres. 

6  millimetres,  error  for  lengths  from  500  to  750  metres. 

8  millimetres,  error  for  lengths  from  1 000  to  1  500  metres. 
10  millimetres,  error  for  lengths  from  2  000  to  2  500  metres. 
15  millimetres,  error  for  lengths  from  6  000  to  7  OOO  metres. 
20  millimetres,  error  for  lengths  from  11 000  to  12  000  metres. 

In  the  city  survey  of  Hamburg  the  aneroid  of  Reitz-Deutschlein  was 
used  (in  wooden  case  and  with  microscopical  reading)  and  curves  run 
with  this  instrument  in  a  vertical  interval  of  1  metre.  (With  these 
instruments  interpolations,  within  half  an  hour's  time  and  within  a 
range  of  difference  in  elevation  up  to  80  metres,  have  been  made  with 
a  mean  error  of  ±  0*4  metre.)  (Zeitschrift  fur  Yermessungswesen,  1873). 

Photogrammetry  has  been  practiced  by  the  Germans  for  military 
puri^oses  chiefly,  although  a  special  chair  is  maintained  at  the  royal 
technical  high  school  at  Charlottenburg,  near  Berlin,  for  the  study  of 
thi  8  briinch  of  topographical  surveying.  It  is  recommended  for  hilly, 
steep-cliffed  regions  and  for  the  study  of  lateral  changes  in  beaches 
and  shore  lines  generally.  The  Germans  also  use  a  number  of  reflect- 
ing distance-measuring  instruments  in  cases  where  it  is  difficult  to 
employ  rod  men.  The  following  list  comprises  the  most  popular  ones 
of  this  class  of  instruments: 

The  engymeter  of  Fallon  (Austria). 

Distance  measurer  of  Adri  &  Son  (Germany). 

Distance  measurer  of  Tavernier  Gravet  (France  and  Germany). 

Distance  measurer  of  Fortin  (France  and  Gennany). 

Distance  measurer  of  Ceribotani  (Italy  and  Germany). 

Ceribotani's  distance  measurer  of  1  metre  base  gave  for  distances  of  : 

150  metres  an  error  of  0*2  metres. 

300  metres  an  error  of  0*8  metres. 

600  metres  an  error  of  3*2  metres. 

1 000  metres  an  error  of  10*7  metres. 

2  000  metres  an  error  of  42*7  metres. 

3  000  metres  an  error  of  96*0  metres. 
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Oertel  &  JSon,  in  Miuiicb,  have  constructed  a  distaiice-measuriug  tele- 
8c*oj>e  which  is  highly  recommended: 

A  B  is  a  rule  over  which  a  tele8coi)e  (with  two  vertical  wires)  can 
slide  iu  either  direction,  the  optical  axis  of  the  telescoi)e  always  remain- 
ing at  right  angles  to  A  B. 

The  distiiuce  D  of  point  P  from  station  A  B  is  to  be  determined. 

The  telescope  is  clamped  on  the  zcjro  mark  C  of  rule  A  B,  and  the 
whole  instrument  moved  to  the  riglit  or  left  until  the  right-hand  wii-e 
r  bisects  P.  The  rule  A  B  is  now  held  in  this  ])osition  and  the  tele- 
scope moved  towards  B  until  the  i)oint  1^  is  bisected  by  the  left-hand 
wire  /. 

/  i  ^ 


\ 


I      /      p     *      » 

\  1  /        ^  1  / 

l\!/r  l\l/r' 


AC  P'  C        B 

The  augle  a  is  given  for  every  iiistrninent. 

0  P'  =  P'  C  can  bo  rea«l  off  or  lueasared  on  AB. 


4  POP' =  900  -" 

^2         n     -  2D 


D=>L^' 


B. — AUSTRIA. 
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The  new  special  t^)pographical  (military)  survey  of  Austria  which 
was  begun  in  1800  in  Tyrol,  is  published  on  a  scale  of  1-75000. 

The  field  sheets  were  plotted  on  a  scale  of  1-25000  and  the  survey  is 
chietly  based  upon  the  cadastral  survey  of  the  Empire.  In  the  moun- 
tainous regions,  each  working  section  (fonr  of  which  make  one  special 
map  sheet  of  30  minutes  length  and  15  minutes  width)  contains  on  an 
average  1  000  i)oints  of  elevation  (bench  marks),  which  number  is  re- 
duced for  the  more  level  [)arts  of  the  country,  where  one  sheet  contains 
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about  400  of  such  points.  These  points  of  elevation  are  based  upon 
level-lines  of  precision,  (13  800  kilometres  of  which  had  been  run  at  the 
end  of  1884,  giving  2  417  primary  bench  marks)  and  upon  data  ftirnished 
by  the  military  and  ciidastral  triangulation.  Each  working  section 
had  on  an  average  eight  or  nine  elevations  of  precision  or  primary  bench 
marks,  upon  which  the  nuuiber  mentioned  above  (400  to  1  GOO)  was  based. 
These  subsequent  points  were  established,  partly  trigonometrically, 
partly  barometrically  with  Naudet's  aneroid.  The  contours  are  given 
for  intervals  of  100  metres,  where  the  grade  is  over  10°  and  in  20  metre 
intervals  for  grades  less  than  lOo. 

Based  upon  this  survey  on  field  scale  of  1-25000,  the  special  topo- 
graphical map  of  715  sheets  was  published  on  1-75000  scale.  (The  en- 
tire map  would  cover  an  area  of  133  square  metres.) 

The  published  sheets  are  arranged  so  that  the  east  and  west  mar- 
gins are  meridians  in  equidistant  intervals  of  30  minutes  each. 

The  top  and  bottom  margins  are  parallels  in  equidistant  intervals  of 
15  minutes  each.  The  projection  used  is  the  same  as  in  Prussia,  the 
polyeder  projection.  The  total  map  extends  from  42^  to  51°  15'  latitude 
and  from  27^  to  44^  30'  longitude.  The  zones  are  counted  from  north 
to  south  (1  to  37)  and  the  columns  from  west  to  east  (I  to  xxxv).  This 
survey  was  finished  in  April,  1885. 

This  work  has  been  published  by  heliogravure. 

The  cadasti^al  survey  upcm  which  this  toi)ographical  survey  was 
based  had  for  its  basis  a  triangulation  and  plane  tiible  survey,  and 
it  was  made  in  three  scales  for  different  localities:  1-12500, 1-6250,  and 
1-3125. 

With  the  aid  of  this  cmlastral  survey  and  level  data,  obtained  as  men- 
tioned above,  and  by  combining  the  plane  table  with  direct  measure- 
ments the  terrene  was  sketched  in  on  the  1-25000  scale  field  sheets. 

One  topogi'aphical  party  (military)  averaged  0*0  square  mile  per 
day  on  scale  1-25000  and  0*4  square  mile  on  scale  1-12500.  Gold- 
schmidt's  aneroid  is  extensively  used  for  running  out  contours  in  Aus- 
tria, the  rodman  carrying  the  aneroid,  by  means  of  which  he  adjusts  his 
position,  before  holding  his  rod  up  on  the  critical  points  of  the  contour. 

C. — SWITZERLAND. 

The  methods  generally  used  for  topographical  surveys  in  this  coun- 
try have  been  alluded  to  in  the  preceding  pages. 

The  original  sheets  of  the  topographic  atlas  of  Switzerland  for  roll- 
ing country  are  on  1-25000  scale ;  for  mountainous  country,  1-50000  scale. 

The  general  maps  of  the  same  regions  are  published  on  scales  of 
1-100000  and  1-500000,  respectively. 

The  Dufour  atlas,  in  twenty-five  8heet8,i8  published oi^  1-100000  scale; 
the  same  has  been  reduc^  to  a  wall  map  in  four  sheets  ^^  v-^^ss^sjl^s^^ 
scale. 
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In  the  retrospection  of  the  fore^oinj^  report  1  would  respectfully  sug- 
gest a  consideration  of  the  following: 

(1)  The  polar  method  as  originally  devised  by  Lehmann  and  im- 
proved by  combining  the  telemeter  with  the  plane  table  (Eeichen- 
bach's  telemeter,  first  described  in  Dingler's  Polytechnic  Journal  of 
1850  by  O.  Decher)  has  now  almost  been  supplanted  by  the  tachymetric 
method. 

This  method  (tach6ometric)  was  first  employed  by  French  engineers 
and  has  been  in  use  since  I860,  Tach^ometre  (in  Germany  tachygraph- 
ometeror  simply  tachymeter)  avoids  both  the  reduction  of  telemeter 
reading  to  the  horizon,  and  the  calculation  of  the  elevations,  based  on 
the  vertical  angle  and  reduced  telemeter-reading  (with  aid  of  formula 
or  tables),  inasmuch  as  the  tachymeter  performs  these  calculations 
automatically.  The  use  of  the  new  tachymetric  plane-table  also  dis- 
penses with  the  use  of  dividers  for  plotting  distances.  The  fact  that 
this  instrument  has  superseded  the  plane-table  with  distance-reading 
alidade  throughout  Europe  would  suggest  a  closer  inspection  and  in- 
vestigation of  the  merits  of  this  instrument  with  a  view  of  increasing 
the  rapidity  of  topographical  surveys. 

(2)  The  marked  improvements  in  the  construction  of  aneroid  barom- 
eters in  recent  years  (invented  by  Vidi,  1847,  and  constructed  by  Bour- 
don in  1848;  improved  by  Naudet;  by  Goldschmidt,  in  Ziirich,  1859; 
by  Eeitz  and  Deutschlein  in  Hamburg;  by  Prof.  Weilmann  in  Ziirich, 
etc.)  have  justified  their  use  in  leveling  operations  made  for  topograph- 
ical purposes. 

The  method  of  barometric  determination  of  elevations  for  the  plot- 
ting of  the  terrene  by  employing  aneroids,  has  chiefly  been  perfected 
in  Austria  (in  a  measure  also  in  the  southern  states  of  Germany  and 
England)  where  Vidi-Naudet's  aneroid  is  principally  used.  In  Ger- 
many, Goldschmidt's  (self-registering)  and  Iteitz-Deutschlein's  aneroids 
are  preferred  for  topographical  purj^oses.  In  Austria  contours  have 
been  run  out  (on  calm  and  cloudy  days)  by  placing  the  rodman  on  a 
contour  and  noting  the  reading  of  the  aneroid.  The  rodman  then  pro- 
ceeds to  follow  the  contour  out,  selecting  the  next  characteristic 
change  in  its  course,  and  moving  up  or  down  hill  until  the  aneroid 
gives  the  same  reading  as  at  the  first  point.  He  then  holds  the  tele- 
metre  in  this  new  point  of  the  contour  until  the  observer  at  the  plane- 
table  has  read  the  distiince  and  waved  him  off,  whereupon  he  selects 
the  next  point  on  the  contour  in  the  same  manner,  and  so  on. 

If  the  aneroids  are  sufficiently  trustworthy  to  give  the  elevations 
within  a  limit  of  error  of  one  metre  (Schoder,  in  his  Uiilfstabellen  au 
barometrischen  Iloheumessungen,  Stuttgart,  1874,  has  given  the  mean 
error  for  the  elevations  of  47  points  lying  within  a  vertical  range  of 
113  metres  as  0*94  metres)  the  trial  of  these  instniments  seems  advis- 
able for  traverse  work  through  wooded  sections  and  also  for  r^pid  geu* 
1  topographical  surveys. 
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NOTES  ON  EUROPEAN  TOPOGRAPHIC  MAPS,  FROM  THE  REPORT  BY  OEN. 
DERRECAGAIX  TO  THE  INTERNATIONAL  GEOGRAPHICAL  CONGRESS 
HELD  AT  PARIS  IN  1889. 

[Presented  by  AssiBtant  W.  C.  Hodgkins.] 

BELGIUM. 

Independent  Belgian  sarveys  were  not  institated  till  1831.  In  that 
year,  on  January  26,  the  Dep6t  do  la  Guerre  was  entablished.  In  1878 
its  title  was  changed  to  that  of  Cartographic  Institate. 

The  maps  of  Belgium  are  prepared  on  the  three  scales  of  1-20000, 
1-40(X)0,  and  1-160000,  The  maps  on  the  last  two  scales  are  derived 
from  the  first. 

At  one  time  a  map  on  1-80000  was  proposed  and  was  actually  begun. 
This  would  have  harmonized  with  the  maps  of  France  and  of  Bhenish 
Prussia  and  Westphalia  on  the  same  scale.  But  the  latter  maps  hav- 
ing been  supplanted  by  the  1-100000  map  of  the  German  Empire,  one 
of  the  reasons  for  the  existence  of  an  80000th  map  of  Belgium  disap- 
peared. Besides,  the  map  on  1-40000  gave  all  principal  details  and 
that  on  1-160000  was  excellent  for  more  general  purposes.  It  was 
found  that  the  80000  would  often  show  too  much  or  not  enough  detail, 
and  as  from  the  military  point  of  view  it  did  not  offer  advantages  pro- 
portional to  its  cost,  it  was  decided  to  abandon  it. 

There  is  also  a  map  on  1-10000,  which  is  simply  an  enlargement  of 
the  surveys  on  1-20000. 

The  field  work  on  1-20000  is  based  upon  an  old  triangulation,  revised 
and  completed  since  1831 .  The  triangulation  was  completely  finished  in 
1866,  and  comprises  4  182  triangles  of  the  three  orders,  in  an  area  of 
29  455  square  kilometres.  It  is  connected  with  the  work  of  the  neigh- 
boring countries.  The  cadastral  plans  reduced  to  1-20000  serve  as  a 
ba^e  for  the  preparation  of  the  plane-table  sheets. 

The  planimetry  was  verified  and  completed  upon  the  ground. 

The  study  of  the  relief  was  very  complete,  more  so  than  in  any 
country  of  Europe  with  the  exception  of  some  provinces  of  Holland. 

The  contour  interval  is  one  metre,  except  on  the  right  bank  of  the 
Meuse,  where  it  is  five  metres.  Heights  refer  to  mean  low  water  of 
spring  tides  at  Ostend. 

DENMARK. 

The  general  staff  of  the  army  has  charge  of  the  surveys.  Decimal 
scales  are  used,  but  not  the  metric  system. 

Horizontal  contours  for  the  representation  of  relief  were  first  used  in 
Denmark. 

The  work  began  about  1830.  The  triangulation  was  finished  in  1871. 
It  is  connected  on  the  north  with  the  Norwegian  triangulation  and  on 
the  south  with  the  Prussian. 


^ 
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The  geometric  leveling  of  the  first  and  second  orders  was  began  in 
1874  and,  favored  by  the  slij^lit  relief  of  the  ground,  has  been  carried  on 
with  especial  care.  The  number  of  elevations  determined  varies  from 
150  to  260  i)er  square  mile. 

The  topographical  surveys,  begun  in  1830,  are  invariably  executed  on 
1-20000,  by  the  aid  of  pantographic  reductiouft  of  the  land  (or  cadas- 
tral) surveys  on  1-4000. 

These  reducticms  are  fitted  to  a  reduction  of  the  geodetic  triangula- 
tion;  then  completed  and  revised  on  the  ground. 

The  topographer  oc<!upies  eai^h  of  the  stations  of  the  promise  levels 
and  determines  by  radiation  the  positions  and  elevations  of  enough 
XK)ints  to  insure  the  exact  drawing  of  the  curves,  the  vertical  interval 
of  which  is  5  Danish  feet  (1*57  metres  =5*15  feet  United  States  stand- 
ard).   Ui)on  sloxK's  above  14^  the  interval  is  40  feet. 

The  work  is  published  on  1-2(KKK)  in  photolitli.  Size  of  sheets,  0'38  by 
0-314  metres.  It  is  also  published  on  1-40000  and  1-80000,  these  sheet^s 
being  engraved  on  copi)er  in  excellent  style. 

The  engraving  is  done  with  Porensen's  "chalcograph,^  a  kind  of 
l>fintograph  which  has  a  finely  pointed  diamond  ujion  the  tracing  xxunt. 
The  reduction  is  thus  done  directly  upon  the  c<)pi>er  and  is  afterwards 
touched  up  by  hand.    The  engraving  is  too  fine  for  good  effect. 

HOLLAND. 

The  chief  characteristic  of  the  Dut<*.h  surveys  seems  to  be  the  great 
minuteness  with  which  all  details  are  shown. 

The  relief  is  in  general  slight,  and  therefore  single  houses  can  be 
shown  even  on  1-200000. 

The  older  surveys  were  made  on  1-25000  and  published  on  1-50000. 

Since  1874  a  new  survey  of  the  rivers  on  1-5000  has  been  in  progress. 

PORTUGAL. 

Surveys  are  mjwle  on  1-50000  and  l-KKKKK).  Published  sheets  on 
1-100000  and  1-^(>0()(K). 

The  work  is  of  rather  low  grade. 

Curves  arc  shown  at  intervals  of  25  metres  on  the  100000  and  of  100 
metres  on  the  500000. 

ROUMANIA. 

The  tnangulation  of  Mohlavia  is  connected  with  the  Russian  scheme 
in  Bessarabia  and  with  that  executed  by  the  Austrians  in  Wallachia 
fn  1855-'56-'57,  also  with  the  Transylvanian  triangulation. 

The  first  topography  done  was  in  the  Dobrudscha,  which,  being 
almost  flat  and  nearly  uninhabited,  offered  a  favorable  field  for  a  first 
attempt. 

This  survey  was  finished  in  1886  and  the  more  difficult  work  in  Mol- 
davia was  then  taken  up,  and  80  sheets  were  done  there  in  1887  and 
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1888.  The  force  consisted  of  one  major,  1  captain,  and  32  lieutenants. 
The  work  was  done  on  1-50000  in  the  Dobrudscha  and  on  1-100000  in 
Moldavia.    Relief  is  shown  by  contours. 

The  plane  table  is  used,  with  a  German  pattern  of  telescopic  alidiule. 
The  compass  is.also  used. 

The  published  charts  are  lithographs  in  colors,  on  1-200000.  Pro- 
jected roads  are  shown  by  dotted  lines.    Telegraph  lines  are  shown. 

Few  elevations  are  given;  averaging  one  in  40  square  kilometres, 

RUSSIA. 

A  corps  of  military  topographers  was  established  in  1822  and  com- 
pletely organized  in  1826.  In  li»36  the  corps  was  re  organized,  and 
consisted  of  6  generals,  33  superior  oflficers,  156  oflBeers,  170  topogra- 
phers, 236  topographers  ranking  as  corjwrals,  42  students.  The  ap- 
propriati(m  was  $136  000. 

In  1877  the  section  of  military  topography  was  again  re-organized 
with  a  main  office  at  St.  Petersburg.  In  1887  this  service  included 
10  generals,  24  officers  of  the  general  staff,  154  officers,  223  topogra- 
phers, and  to  supply  vacancies,  12  officers  of  infantry,  42  assistant 
topographers,  2  civil  employes,  a  total  of  447.  The  law  requires  a 
force  of  not  less  than  367  persons. 

The  field  work  is  done  on  1-21000  in  the  settled  districts  and  on 
1-42000  in  the  northern  provinces  and  on  the  great  8tepi)es  of  the  east. 

The  comx)ensation  of  the  officers  ranges  from  $4  240  for  chiefs  of  sec- 
tions to  $1  020  for  assistant  topographers. 

An  academy  or  training  school  is  connected  with  the  service. 

During  the  war  between  Eussia  and  Turkey,  the  corps  made  sur- 
veys of  the  country  traversed  by  theBussian  army,  and  prepared  a  map 
on  1-126000.  In  three  years,  180  topographers  determined  51  astro- 
nomical stations,  measured  6  base  lines,  completed  a  triangulation  of 
1 287  stations,  surveyed  46  900  square  miles  and  made  a  reconnaissance 
of  5  500  more.  The  bases  were  from  3  to  6  kilometres  long,  and  were 
measured  with  wooden  rods.  The  triangulation  was  connected  with 
the  Eussian  and  Austrian  systems. 

In  the  settled  districts  the  surveys  were  on  1-42000,  elsewhere  on 
1-84000.  Relief  wa«  represented  by  contours  at  intervals  of  8  metres, 
10  metres,  and  sometimes  more.  In  this  way  the  survey  of  the  Balkans 
was  done  in  less  than  three  years.  This  work  corresponds,  on  an 
average,  to  the  survey  of  a  strip  of  country  238  by  38  miles,  each  year. 
The  cost  was  very  great,  but  the  results  were  also  remarkable. 

In  maps  of  Bussia  the  scales  are  based  on  the  number  of  versts  to 
the  inch. 

The  inch  and  foot  are  the  same  as  the  English. 

The  sagene  equals  7  feet =2-133  metres  and  is  used  for  hevjgs^!^. 

The  verst  =  500  sagene8= 1066-78  metres  =  3  500  feet. 
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The  principal  maps  are: 

(1)  The  chart  on  the  scale  of  10  versts  to  the  inch  (1-420000)  of 
European  Enssia  in  154  slieets,  and 

(2)  The  toi>ographic  map  on  the  scale  of  3  verstB  to  the  inch 
(1-126000)  of  European  Russia  in  972  sheets  and  59  sheets  for  Poland. 
There  is  also  a  map  of  the  province  of  Moscow  on  1-84000  in  40  sheets, 
a  chart  of  Turkey  in  Asia  on  1-840000,  a  military  map  of  Turkestan 
on  1-680000,  and  in  general  ma]>8  called  provincial  on  1-2100(K>. 

The  triangulation  hiis  extended  over  a  long  series  of  yciirs  and  is  of 
varying  degees  of  precision. 

Precise  levels  were  begun  in  1873.  They  generally  follow  the  rail- 
ways.   They  appear  to  be  largely  dependent  ui)on  vertical  angles. 

Field  work  was  at  first  done  on  1-146000  and  1-105000.  In  1844, 
the  scale  of  1-42000  was  adopted  and  later  still  1-21000  for  cultivated 
territory.    Relief  was  represented  by  hachures. 

In  1870,  when  the  greater  part  of  the  wastern  ])rovinces  was  already 
surveyed,  the  form  of  the  work  was  changed.  The  use  of  colors  was  re- 
jected and  a  greater  number  of  bench  marks  being  furnished  the  toix)g- 
raphers,  the  terrene  was  ordered  to  be  represented  by  contours  with 
intervals  of  2  sagenes  =  14  feet. 

The  surveys  are  now  going  on  in  the  northwestern  provinces,  where 
in  the  last  season  34  topogi*aphers  surveyed  3  778  S(|nare  versts  ou 
1-21000  at  a  cogt  of  67  478  roubles  (1 658  square  miles  for  $53  982,  or 
$32*56  per  square  mile).  Each  topographer  averaged  24  square  versts 
(about  lOJ  square  miles)  per  month. 

Other  special  surveys  were  also  ma<le  on  the  southwestern  frontier. 
The  average  cost  ot  a  square  verst  in  European  Russia  is  stat^  by  Gen- 
eral Derr^cagaix  at  17  roubles  ($13*60),  which  would  make  the  average 
square  mile  cost  $31. 

Surveys  in  Asia  have  been  made  on  various  scales  from  1-17000  to 
1-84000. 

The  chart  on  1-420000  was  begun  in  1840,  is  engraved  on  copper  and 
is  kept  up  to  date.  The  relief  is  shown  by  hachures  with  vertical  light. 
There  is  also  a  lithographic  edition  in  four  colors.  Each  sheet  includes 
30  30'  in  longitude  and  1^  48'  in  latitude.  Brown  is  used  for  the 
haehures,  green  for  the  forests,  horizontal  blue  lines  for  the  marshes, 
black  for  all  other  features.  The  number  of  buildings  in  each  town  is 
given  on  the  chart.  The  map  on  1-1200(K)  is  also  on  copper  and  is 
printed  in  black.    Occasional  elevations  are  given. 

SPAIN. 

In  Spain,  there  are  two  organizations  which  produce  maps.  In  1856 
the  "Comision  Militar  del  Mapa"  began  a  triangulation  of  the  coun- 
try. In  1865  two  divisions  were  formed,  one  for  geographic  work  and 
one  for  statistics.  In  1870  th^t»e  were  unit^jd  to  form  the  G^graphic 
and  Statistical  Institute,  which  is  under  the  direction  of  the  Minister 
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of  Agriculture  and  Public  Works.  In  addition  there  is  the  D(^i)6t  de 
la  Guerre,  under  the  dii^ection  of  the  Minister  of  War  and  engaged 
entirely  in  cartography  and  military  reeonnaisances. 

The  Geographical  and  Statistical  Institute,  which  was  re-organized 
in  1877,  takes  charge  of  the  geodesy,  the  regular  topography,  the  pre- 
cise levels,  the  cadastral  surveys  and  records,  the  legal  metric  meas- 
ures, and  publications  in  relation  to  statistics  and  metiM>rology. 

The  D^pdt  de  la  Guerre  has  its  own  map  making  and  printing  estab- 
lishment for  the  ready  production  of.  military  maps. 

The  triangulation  of  Spain  is  of  a  very  excellent  quality,  and  is  con- 
kiected  with  the  French  work  on  the  north  and  the  Algerian  on  the 
W)uth. 

The  leveling  wa^s  also  done  with  much  care.  Precise  geometric  levels 
Were  begun  in  1871  and  were  supplemented  by  levels  of  the  second 
V)rder  and  by  tk  network  of  traverse  lines  aboiit  600  metres  apart. 

Heights  are  referreci  to  meaii  level  of  the  sea  ^t  Alicante. 

Field  work  is  done  6ii  1-25  OOd  And  shoWs  the  boundaries  of  the  com- 
taiunes,  all  streams,  nie^nS  of  coiiimunication,  itihabitod  places,  and 
culture.  In  thift  country,  there  are  cadatitral  surveys  for  only  a  small 
part  of  the  territory,  and  the  survey  is  consequently  slow.  To  limit 
to  some  extent  the  amount  of  work,  subdivisions  of  less  than  25  acres 
are  omitted.  Contours  are  drawn  in  the  field  at  vertical  intervals  of 
10  metres.    Published  maps  are  lithographed  on  1 — i'iOOOO,  in  colors. 

SWEDEN  AND  NORWAY. 

The  corps  of  geometrical  surveyors  formerly  had  charge  of  the  prep- 
aration of  geographical  charts  of  the  kingdom.  Now  it  is  employe<l 
only  in  the  publication  of  the  cadastral  survey,  on  the  8i*«le  of  1-4000. 

Ordinary  surveys  and  map  making  are  made  by  the  toixigraphic 
section  of  the  Swe<lish  general  staff.  There  is  also  att^urhed  to  this 
section  an  economic  and  statistical  survey  of  the  soil. 

The  ca<lastral  survey  forms  the  basis  of  all  the  others.  Wlien  it  is 
defective,  a  survey  is  made  to  supi)ly  the  omissions  or  to  correct  the 
errors. 

In  Norway,  the  Geograi)hic  Institute  of  Christiana  in  charge  of  a 
8ui>erior  officer  under  the  direction  of  the  Secretary  of  War  makes  the 
surveys  and  publishes  the  maps. 

The  triangulation  of  the  two  croun tries  has  been  finished  and  revise*!, 
but  is  sparse  in  the  northern  parts. 

Determination  of  relief  rests  ujwn  pre^-ise  leyelp;  carried;  across  f^e, 
country  fn)m  sea  to  sea,  and  furnisl^iq^  fronj^  t^wentty  tio  twenty-fi:V^ 
determined  i>oints  per  square  mile» 

Surveys  are  m^e  on.  three  scales,  l-20000.foi5  settled  districts  and- 
imi)ortant  places,  1 — 50000  or  1-100000  for  the  northern  t 
hi^h  mountains.    The  land  surveys  on  1-4000,  which,  fp^m.  t\v^X 
J11..JJX..43,  ijt.  2 4.< 
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the  twenty-tliuusaiulth  work,  are  not  published.  The  ori^nals  are 
kei>t  in  the  anrhives  ot*  eiuh  pr<»viiuMS  and  copies  are  deposited  iu  tlie 
central  otlice  at  Stockholm  or  Christiana. 

Tlie  j)rin<*ipal  imi)lislied  maps  are  those  on  1-10(M>(K>  and  on  1-200000. 
There  are  also  geologic  and  other  general  and  special  mai>s.  All  show 
a  great  amount  of  detail,  made  n(»cessjn\v  by  the  peculiar  character  of 
the  country.  Roa<ls,  rivers,  and  tiie  borders  of  lakes  and  seas  are  col- 
ored by  hand.  Hi>th  vertical  and  horizontal  ha«*hures  are  useil  to  ex- 
jness  relief,  the  former  in  arable  land,  the  latter  in  rocky  pliM*es. 

The  map  of  Norway  is  lithographed  in  (colors.  Contours  in  brown, 
watca-  and  marsh  in  blue,  glaciers'in  green,  the  rest  in  black. 

The  general  map  of  the  two  <*ountries  on  1-200000  is  both  engraved 
and  lithographed.  It  shows  nearly  as  much  detail  as  the  one  huudred 
thousandth. 

Kelief  is  represented  by  .'U-metre  contours. 

CONCLUSIONS   OF  GENERAL  DERRECAGAIX. 

The  study  of  largt?  scale  topographic  charts  has  brought  oat  various 
general  results,  which  may  be  thus  summed  up: 

In  a^ldition  to  cailastral  aud  tiictical  maps  three  general  types  have 
been  adopted — 

(1)  Ueproductions  of  the  notes  of  surveys  on  a  large  scale,  vai^ying 
from  L-20000  to  1-50000,  except  in  England,  where  there  is  a  real, 
leveled  cadaster. 

(2)  A  to[)Ographic  map,  most  commonly  on  I-IOOOOO,  as  in  Italy, 
Switzerland,  Germany,  Portugal,  Sweden  and  Norway,  and  Koumania. 

(3)  A  chorographic  map  on  1-200000,  as  in  Austria,  Ilolland,  France, 
and  Sweden  and  Norway. 

From  these  facts,  and  recent  improvements  in  meth(»ds  and  instru- 
ments. General  Dcrrecagaix  deduces  the  following  ])roposals: 

(1)  The  general  use  of  the  metric  system  to  express  heights. 

(2)  Uniformity  in  conventional  signs. 

(.'])  The  adoption  of  a  common  scale  for  topographic  and  chorogrsipbic 
maps,  the  one  hundred  thousandth  and  two  hundred  thousandth  being 
the  best. 

(1)  The  publication  of  reproductions  of  lai'ge  scale  surveys. 
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PIIOTOCJRAMMETRY— SHORT  HISTORICAL   REVIEW  OF  FRENCH  AND 

GEKMAN  SURVEYS. 

f  PrcsiMit^d  by  AsHiHtaiit  J.  A.  ilemer.] 

Regarding  a  photograj)h  as  a  geometrically  true  perspective,  photo- 
grammetry  will  be  the  art  of  reconstructing  geometrical  i)rojection8, 
ui)on  a  i)lane  surface  of  the  terrene  given  and  represented  in  perspec- 
tive views. 

Tlio  theoretical,  fHudamental  luinciples  upon  which  si^cb  reconstruct 
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tions  are  primarily  based  wf  re  already  known  to  Lambert,  wlio  pub- 
lished a  work  on  purspecrtivc  a^  early  as.  1759. 

The  French  savant,  Beauteni])s-Beanpre,  attempted  the  first  practical 
application  of  these  principles  for  the  use  of  topography  while  on  a 
scientific  expedition  in  1701-1703,  when  he  madc^  perspective  drawings 
of  coast  regions,  and  later  constructed  to])ographi(jal  maps  based  on 
these  drawings.  A  map  of  a  part  of  Van  Dieman's  Land,  and  also  of 
the  island  Santa  Cruz,  was  ohtuined  by  him  in  this  manner. 

Although  Bcautemps-B(\aupre  frequently  referred  to  the  foasilulity  of 
constructing  topographical  maps  based  on  this  method,  the  same  almost 
sank  into  oblivion  until  M.  Laussedat,  major  in  the  French  army, 
again  took  the  subject'up. 

In  1851  he  constructed  a  modified  "camera  clara,"  which  was  8ui)er- 
ceded  in  1858  by  the  "camera  obscura,''  with  iKlditional  improvements 
by  Reguault,  for  surveying  purposes. 

Laussedat  made  numerous  experiments  with  Kegnault's  improved 
"camera  obscura,'-  partly  on  his  own  b(»half  and  partly  under  the 
auspices  of  the  French  ministry  of  war.  ilis  exi)erimeiit8  were  con- 
tinued by  Javary  from  1863-1870. 

The  first  German  recjord  on  this  subject  is  probably  the  article  pub- 
lished in  Tlorn's  Photographic  Journal  in  April,  18H3.  This  article  is  a 
description  of  Laussedat's  experiments,  as  given  by  him  in  a  meeting  of 
the  French  Photographic  Society,  held  flan  nary  0,  1863. 

We  find  Meydenbaur's  first  publication  on  photogrammetry  in  the 
June  number  of  the  Photographic  Journal  for  18(>3  ("Photographische 
Mittheilungen''),  in  which  he  uses  the  term  i»hotometography,  which 
was  subsequently  changed  into  photogrannnetry. 

Pujo  andFourcode  published  a  joint  essay  in  Les  Mondes,  1865,  on 
"  Goniometrie  Photographique.'- 

In  the  March  number  of  the  "Photographische  Mittheilungen"  for 
1866,  we  find  an  article  by  Vogel  on  the  use  of  Johnson's  photographic 
apparatus  for  making  toi)ographical  surveys,  in  which  he  shows  the 
constructicm  of  vertical  and  horizontal  angles. 

Ever  since  Meydenbaur  first  became  interested  in  the  method  of 
photogrammetry  he  endeavored  to  interest  private  and  governmental 
surveyors  in  the  method. 

Jordan  and  Ilauck  have  also  done  much  to  popularize  this  method 
in  Germany. 

Sin(;e  1860,  photogrammetry  was  treated  both  theoretically  and 
practically  in  the  Koyal  Building  Academy  (Kgl.  Ban  Academy)  in 
Berlin,  Prussia,  in  the  lectures  on  geodesy  and  photography.  Several 
years  ago  the  new  Royal  Technical  High  School  in  Charlottenburg, 
near  Berlin,  was  cx)mpleted,  and  since  then  a  special  chair  has  been 
maintained  there  for  the  purpose  of  teaching  photogrammeVx^^^^i^'^^^^- 
cally  and  practically;  at  present  Dr.  Pietsch  fills  said  cka^x- 
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The  first  attempt  to  make  a  more  ext^^nded  praetical  survey  with  the 
camera  in  France  was  ina<le  by  Laussedat  in  18G1,  wlien  he  mapped  a 
portionof  the  city  of  Paris,  which  work  was  followed  by  the  photo- 
graphic 8urvt»y  of  the  town  of  Orcnolde,  under  the  direction  of  the 
French  Ministry  of  War.  The  area  covered  by  this  survey  wa«  0-4 
square  mile.    The  fieUl  work  laste<l  sixty  liours  and  the  office  work 

« 

two  months.  . 

Javary's  work  in  this  direction  closely  followed  Lausaedat's. 

In  (rermany,  the  first  larger  attempt  was  made  in  1867,  under  the 
direction  of  the  Royal  Prussian  Ministry  of  War  and  (JommercB,  con- 
sisting in  a  topographical  survey  of  the  town  of  Freiburg,  and  also  an 
ait'liitectural  survey  of  the  dome  in  Freiburg.  Fiehl  work  lasted  four 
days.  The  areti  covered  about  0*04  square  mile.  The  office  work  for 
the  construction  of  the  toi)ogiaphical  map  took  three  weeks.  The 
drawing  of  tlie  ground  phin,  one  front  and  one  side  elevation  of  church, 
took  eight  days. 

During  the  Franco-Prussian  war,  photography  was  called  to  aid  by 
the  German  army,  and  a  detachment  for  field  photography  was  formeil 
to  obt.ain  and  plot  a  certjiin  area  about  Strasburg  with  the  aid  of 
the  camera. 

This  detachment  (under  direiition  of  Dr.  Doergens,  now  professor 
of  geodesy  in  Berlin,  Techn.  High  School)  nuule  a  map,  scale  1-2500 
of  the  besieged  front  of  the  city.  The  datu  obtained  by  this  survey, 
however,  were  not  utilized,  a^the  city  capitulated  a  few  days  after  the 
detachment  had  commenced  its  work.  Some  discrepancies  were  dis- 
covered in  this  survey,  which  were  attributed  to  detVM'ts  in  the  lens  of 
the  instrument  used. 

Jordan,  a  member  of  Rohlf's  African  expedition,  1873-1874,  made  a 
good  photogrammetric  survey  of  the  Oasis  (lassr  Dachcl,  in  the  Libyan 
Desert.  In  1874,  Stolze  used  a  Meydenbaiir  camera-theodolite  to  make 
a  survey  of  the  ruins  of  Perseiwlis  and  of  the  temple  of  Djamaht  in 
Shiraz,  Persia. 

ASOERTAININO  AND  HEPRESENTING  UPON  A  PLANE  SURFACE  ANY 
PORTION  OF  THE  SURFACE  OF  THE  EARTH,  BY  MEANS  OF  A 
PHOTOGRAPHIC  PROCESS  KNOWN  AS  ^'PIIOTOGRAMMETRY.'' 

The  idea  of  utilizing  the  image  obtained  with  a  *^  camera  obscura" 
for  a  geometri(rally  true  representation  of  terrene  or  buildings,  is  prob- 
ably a«  old  as  the  camera  itself,  but  the  chances  of  the  realization  of 
the  idea  have  become  probable  only  with  the  improved  methods  and 
general  progress  made  in  photography  during  recent  years. 

Experiments  in  this  direction  were  notably  made,  at  an  early  date, 
in  Italy  and  France;  practi(;al  results,  however,  tailed  to  materialize, 
swing  partly  to  the  uncertainty  an<l  slowness  of  the  photographic 
process  in  general,  and  ])artly  to  the  greatly  increased  efticiency  of 
other  surveying  instruments  and  methods. 

By  mastering  photography  and  combining  it  with  geodetical  instru- 
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iiieiits^  tlie  idea  of  pliot^grapliical  surveying  has  become  a  reality,  and 
at  tiiis  date  must  be  regarded  as  a  subservient  factor  iu  modern 
engineering  no  longer  to  be  overlooked. 

Mr.  Meydenbaur,  who  spent  many  years  in  the  study  of  this  ques- 
tion, has  perfected  this  idea,  and  also  demonstrated  the  capabilities  of 
photogrammetry  by  practical  tests  which  proved  the  eflicieucy  of  this 
method  of  topographical  surveying.  Also  in  astronomical  surveying, 
photography  has  led  to  excellent  results. 

Photogrammetry  being  comparatively  a  reoent  invention,  has  not 
yet  attained  its  height  of  perfection,  and  it  is  su8(;eptible  of  many  im- 
provements, still,  notwithstanding  the  cumbersome  nature  of  the 
camera-theodolite,  compared  with  other  surveying  instruments,  its  use 
promises  great  results.  Even  at  its  i)resent  stage  of  imperfection,  Mr. 
Meydenbaur  has,  with  no  other  expedients  or  help  than  his  camera 
and  an  instrument  bearer,  taken  a  photographical  survey  of  a  val- 
ley iu  a  mountainous  region  in  a  few  liours'  time.  After  a  lapse  of 
several  weeks  he  returned  to  his  home,  and  there  constructed  a  topo- 
graphical map,  based  on  the  photographical  dala  obtained  in  the  field, 
and  a  subsequent  comparison  of  his  maj)  with  another  obtained  by 
plotting  the  results  of  a  trigonometrical  survey  of  the  same  region  by 
another  party,  proved  the  correctness  of  his  work. 

Every  survey  is  founded  on  the  determination  of  horizontal  and 
vertical  angles,  measured  at  the  ends  of  a  straight  line  (base  line)  of  a 
known  length.  The  camera  i>roduce.s  an  image  of  the  terrene,  which 
is  to  be  surveyed,  of  the  exac^t  similitude  as  the  observer  beholds  the 
terrene  from  the  same  i)oint  from  which  the  jjicture  was  taken.  In 
other  words,  the  camera  fixes  the  true  perspective  view  of  the  terrene 
exactly  as  the  observer's  eye  sees  it  in  nature.  Similarly  as  the  ob- 
server selects  certain  characteristic  points  in  nature  and  observes  upon 
them,  noting  the  result  and  constructing  a  map  with  the  aid  of  the 
data  thus  obtaine<l,  he  can  discover  and  pick  out  the  identical  iM)ints 
on  the  photograph  of  the  same  terrene,  and  by  graphical  construction 
he  will  be  able  to  draw  a  topograi)hical  map  of  the  area  covered  by  the 
camera's  images. 

The  camera's  image  is  produced  by  means  of  a  biconvex  lens,  or 
rather  a  system  of  lenses,  in  a  similar  manner  as  we  suppose  a  plane 
perspective  view  originates. 

All  visual  rays  emanating  from  an  object  A  B  to  the  eye  o,  foim  a 
reduced  and  inverted  image,  a  hj  on  the  retina.  If  a  biconvex  lens 
takes  the  place  of  the  eye  at  o,  the  rays  coming  from  A  B  will  be  re- 
fracted, and  produce  in  the  focus  of  o,  a  reduced  inverteil  image  ah  of 
A  B.  Triangles  a  o  h  and  A  o  B  are  similar  ones.  The  focal  distance 
o  m  is  known  or  can  be  ascertained  exi)erimentally,  for  every  camera, 
and  the  lengths  of  a  m  and  /*  m  are  obtainable  by  direct  nieass^xsssassiNa. 
on  the  photograph.    The  angles  a  o  m  and  b  o  m  are  aV»o  >Kasji^^  ^^t 
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given  (likewise  all  angles  wliicli  are  included  L>etween  the  rays  enianat'- 
iug  fi'om  the  point  of  view,  and  tbe  given  direction,  o  wi,  from  the  same 
point,  can  be  nieasui'ed  on  the  pliotograpli).  The  observation  or  deter- 
mination of  these  (liorizontai  or  vertical)  angles  becomes  also  necessary 
for  the  orientation  of  the  camera-theodolite,  which  orientation  is  coudi 
tioned  by  the  iwsition  of  the  optical  axis  of  the  instrument. 


M 


B 


Fio.  1. 


Whenever  the  deviation  of  the  optical  axis  from  a  ray  to  any  object 
represented  in  the  image  is  given  or  known,  the  angles  subtended  by 
the  optical  axis  and  the  lines  to  all  the  other  points  in  the  picture  are 
given,  both  as  horizontal  and  vertical  angles,  and  in  this  fact  rests  the 
great  superiority  and  importance  of  the  ])hotographic  apparatus. 

To  transform  the  photographic  camera  into  a  photogrammetric  cam- 
era, it  was  necessary  to  luld  several  appliances,  as  the  optical  axis  had 
.  to  be  miide  adjustable  into  a  horizontal  position  for  every  station,  the 
instrument  had  to  be  revolvable  about  a  vertical  axis  in  a  horizontal 
plane  to  cover  the  entire  horizon  from  one  station,  the  optical  axis  was 
to  be  vertical  to  plane  of  image,  etc. 

The  camera  proper  also  had  to  receive  some  modifications,  the  chief 
additions  being  a  si^t  of  cross  wires.  The  horizontal  and  vertical  planes 
became  fixed  on  the  photographs  of  this  camera  in  such  a  manner  that 
every  picture  taken  with  the  instrument,  after  the  same  ha<l  been  lev- 
eled up,  showed  two  cross  lines,  which,  with  the  optical  axis  (or  with 
the  vertical  line  t-o  plane  of  image  in  their  intersection)  fixed  the 
horizonta>l  and  vertical  planes  for  every  view.  Originally  this  was 
obtained  by  the  insertion  of  two  very  thin  platina  wires  (crossing  each 
other  at  right  angles  in  the  optical  axis  of  camera)  close  to  the  sensitive 
plate,  their  positions  becoming  transmitted  siuuUtaneously  with  the 
picture  to  the  plate  by  the  action  of  the  rays  of  light.  In  all  instru- 
ments of  more  recent  construction,  however,  the  glass-plate  su])porter 
bears  four  small  notches,  which  are  printed  upon  the  sensitive  plate 
and  photograph,  and  after  the  print  has  been  dried  these  notch  i)oints 
are  connected  by  straight  lines  drawn  across  the  picture.  By  using 
sensitized  films  or  paper  instead  of  dry  plates,  a  thin  glass  plate^  in- 
serted in  the  plane  of  image,  can  be  i)rovided  with  a  system  of  ecpii- 
distantand  parallel  lines  (parallel  to  horizon  and  vertical  jdane,)  which, 
becoming  transmitted  to  the  sensitive  surfa(H*,  simultaneously  with  the 

^picture,  will  greatly  facilitate  measurements  subsequently  to  be  made 

flbn  the  photograph. 
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Tlie  focal  distauce  of  this  camera  is  made  constant  and  it  is  doter- 
mincMl  for  every  instrument  both  by  ex])eriment  and  calculation,  after 
having  focused  tlie  apparatus  with  the  greati'St  precision  in  reg^ard  to 
a  shari)  and  well detined  retiecUHl  picture  of  some  distant  object  on  the 
1,'round-ghiss  plate. 

It  is  a  well-kno^n  fact  that  the  ordinary  photographic  <loubh.»  lens 
doc»s  not  draw  mathematically  true  images  of  the  object  rei)rcsented, 
as  (^very  ])hotograph  ap])ears  more  or  less  distorted  on  its  edges,  the 
miiiimum  of  distortion  being  in  the  central  part  of  the  picture.  By 
shutting  out  the  4»xternal  rays  (at  a  Siicrifice  of  inteilsity  of  illumination) 
and  by  using  well-curved  lenses  (sjiheroidal  lenses)  it  has  become  feasi- 
ble t^>«)l)tain  pictures  which  are  i)riK*tically  correct,  at  least  within  cer- 
tain limits  (Mr.  Meydenbaur  maintains  that  they  are  true  images  if  the 
angle  subtended  by  the  external  rays  does  not  excetHl  llO^),  for  all 
topographical  ]mrposes. 

The  external  rays  are  excluded  by  means  of  a  diaphragm  A  B  in- 
serted between  the  two  lenses,  which  has  a  small  (;ircular  p<Mforation 
in  its  center  (in  the  optical  axis  of  the  instrument).  Ajuiexed  ligure 
shows  the  combination  of  diaphragm  and  lenses. 


Fio.  2. 

For  an  assumed  focal  distance  of  200  millimetres,  let  the  diameter  of 
l>erforation  at  ()  be  adopted  as  10  millimetres. 

Rays  pro(»eeding  from  a  point  N  in  nature  produce  the  image  n  on 
the  image  platt*.  Owing  to  the  perforation  at  <),  only  snch  rays  enm- 
nating  from  N,  wiiich  form  a  cone  around  the  central  ray  N  ()  m,  with  a 
base  of  10  millimetres  diameter  at  C),  and  the  a[»ex  in  ti  will  be  permitted 
to  reac^h  n. 

If  we  designate  the  principal  focal  flistance  by  f,  and  the  focal  dis- 
tance of  tlie  lenses  by  a  and  b  respectively,  there  exists  the  following 
relation  between  them: 

f      a^  b 


b  = 


_«f 
a-f 
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Adopting  for  f  the  value  of  200  miUimelreH,  as8ume<t  above,  aud  nub- 
stituting  for  a  different  values  lying  betwe^  10  and  7Q0  milliiAetres^ 
we  find  the  following  eorrespondin^  values  tor  bi 


m, 
a=    U). 

4o: 

100 
200 

400 
700 


b  -  Q-2041 
Q-203^. 
M-2010 
0-2<KH 
Q-2002 
0-200^ 
0-2001 
V.-2000. 


From  thift  tabulation  wo  will  iKjn^eivo.  tli^t  if  we  h^ye  a  fixed  jirinci- 
pal  focal  distance,  say  o,f  200  niillinietres,  tlu\  plane  of  ^n^ge  will  inter- 
sect the  ctnies  of  rays  (which  pierce  the  aperture  in  diaphragm)  which 
enninate  from  some  of  the  ppintfs  viewed  upon  in  a  circle  (oi^  n\  ^^ 
ellipse)  instead  of  being  intersected  in  a  point  (the  ai)ex  of  cone)^  T^ 
(circle  of  diffused  light  increases  in  size  with  the  deci'^ising  d,i^^nce  of 
the  object  viewed  upon  (the  image  fi^lUng  beyoud  the  ^uage  plate) 
through  the  camera,  as  the  instrument  was  fb^use<^  on.  ai  distant  object,, 
and  the  focal  distance  is  maintained  unchanged  fo^  all  op/^ationa,  view- 
ing objects  near  or  far. 

The  diameter  x  of  this  circle  (or  ellipse)  can  be  a|Scei'taine<^  t'^^^ 

the  following  relation: 

.r  :  ()  =  i' :  a 


———-——••  9k 


Object 


Diaphra3m 


Fio.  3. 


If  ()  =  diameter  of  aperture  in  diaphragm,  assuming  this  aperture 
again  to  be  10  millimetres  in  diameter,  and  assunnng  the  same  values 
for  f  and  a  as  shown  in  above  table,  we  will  find  the  corres]>ouding 
values  for  ,v  as  follows : 


% 


m. 

mm. 

f  _  200  inillimetreH  and  a 

-=    10 

X 

=  0-2 

20 

01 

40 

0-05 

100 

0-02 

2(K) 

001 

300 

0006 

4(X) 

0-005 

700 

0003 
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This  table  shows  that  the  diameter  of  the  cirele  is  very  small  for  an 
aperture  O  of  10  millimetres,  and  as  it  has  lieen  foand  that  a  perfora- 
lioQ  of  the  diaphmgm  of  only  3  to  4  millimetres  iu  di^-meter  i^es  good! 
results  tbT  topographical  purposes,  the  above  tabulated  values  will  l>e-^ 
come  greatly  reduced  in  practical  work. 

Practical  tests  have  also  established  the  fact  that  a  sufficient  disf-- 
tineluess  of  image  is  obtained  at  the  small  .distance  of  10  metres,  as^ 
the  human  eye  can  readily  locate  the  time  center  of  a  circle  (produced 
b^  a  cone  of  diffused  light)  of  0*2  millimetres  in*  diameter,  and  the 
camera  will,,  even  at  this  extreme  limit,  give  results  of  sufficient  ac- 


curacy.  In  fkct,  the  focusing  of  the  camera  witliin  a  limit  of  O-I  milli- 
u^etre  is  extremely  doubtful,  being  more  readily  obtained  in  the 
imagination  of  the  operator  than  in  reality.  Prom  the  foregoing  it  will 
appear,  however,  that  there  can  not  be  any  objection  raised  against  the 
preservation  of  a  constant  focal  distance,  and  the  operator  will  only 
have  to  level  up  the  camera  in  tlie  field  to  have  it  reiMty  for  work  from 
that  station. 

The  focal  distance  of  a  camera>theodoIite  is  the  fundamental  value 
upon  which  the  determinations  of  all  angles,  obtained  by  nieans  of  that 
camera,  are  based,  and  it  is  evident  that  a  correct  determination  of  this 
value  (constant  focal  distance)  will  not  only  save  much  work,  but  will 
also  ayoid  a  number  of  sources  of  error. 

Above  figure  (4)  represents  a  photogrammetric  picture, 

H  H= Horizontal  thread 
V  V= Vertical  thread 
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The  optical  axis  will  be  i>eri)eiHliculjir  to  the  plane  of  iina^ife  in  the 
]X)int  m  (Fi^  4*).  We  want  to  find  the  anji^le  a  snhtended  by  the  line 
of  vision  O  P  (to  P)  and  thr  vertieal  ])lane  ()  V  m  \  (Fi*;.  4"*),  also 
angle  fi  snbtended  by  line  of  vision  O  P  jind  plant*  f)f  horizon  O  II 
m  11  (elevation). 

By  i»rojecting  theiK)int />  npon  the  horizon  H  il  in  the  picture,  we 
obtain  a  i)oint  p';  knowin/ij  O  m=eoustant  focal  distance,  and  m  p' 
(found  by  direct  measurement  on  the  picture)  we  can  lind  the  azimuth  <r 
and  the  hypotenuse  O  j^'  (I'^i^*  '1)  ^>*  the  triangle  O  m  [)',  By  meas- 
uring p  p'  we  find  the  angle  f)f  elevation  in  the  triangle  O  p'  p. 

These  results  are  all  obtained  graphically,  as  indi<'ated  in  Fig.  4,  ami 
subsequently  utilized  graphically  in  the  construction  of  maps,  employ- 
ing similar  methods  as  employed  in  tin*  use  of  the  plane  t^ible,  the 
jmictical  execution  being  far  more  simple  than  this  deduction  would 
permit  it  to  apjjear. 

The  entire  method  of  photogrammetrj^  reposing  on  gra])hical  meas- 
ur(»ments,  the  smallest  length,  mensurable  with  eye  and  scale,  will 
give  the  limit  of  correctness.  According  to  Mr.  Meydenbjutr  this  limit 
is  0.1  millimetre. 

The  focjil  distan(^e  can  be  determined  with  great  j)recision,  even 
giai)hically,  by  a  method  which  will  also  show  the  true  ^KKsition  of  the 
vertical  thrciul  in  the  i)i(^ture  and  by  repeating  this  operation  the 
probable  error  may  be  reduciMl  to  0.01  nullimetie.  The  (camera  being 
mounted  movable  in  horizontal  ])lane,  we  cnn,by  a  series  of  exi)08ures, 
obtain  i)ictures  covering  the  entire  horizon.  The  number  of  exposures 
necessary  for  this  ]>erformance  dej)cnds  upon  the  field  commamled  by 
the  objective.  Meydenbaur's  instrument  could  sweep  the  horizon  in 
six  pictures,  leaving  a  margin  of  5  millimetres  wi<lth  common  to  two 
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adjoining  plati^s.  AH  objects  within  sucli  a  (Mammon  margin  can  be 
identified  on  two  plates,  and,  by  using  a  magnifying  glass,  ]MHnts  com- 
mon t4)  two  adjoining  pictures  can  be  lo(*ated  and  marke<l  upon  the 
plates  wliich  are  equidistant  from  the  vc4*ti(*al  thre.'wl.  Wlienever 
such  distiinc^s  from  the  vertical  line  (representing  vertical  thread)  do 
not  con*e8i)ond  with  each  other,  the  vertical  line  on  thepictnreninst  be 
shifted  until  they  ^'tally.''  After  having  located  corresponding  iioiuts 
on  all  the  pictnres,  covering  the  horizon  (say,  six  ]>ictures)  we  will  have 
twelve  determinations  for  the  position  of  tln^  vertical  line.  If  the 
camera  is  at  all  fit  lor  use,  tlu»  greatest  ditferencc  in  these  twelve  posi- 
tions must  not  exceed  0.1  millimetre.  The  distance  between  two  of 
these  vorrevted  vertical  lines  will  givt^  the  length  of  the  pi(!ture=2/. 
For  a  sixfohl  exposiire,  sweeping  the  entire  horizon,  we  will  have  the 
relation : 


iM     \  * 


Fi.J. 


/ 


f  =       ..  J  ;  /  =  mean  vahie  for  length  of  picture. 

This  is  the  most  satisfiu»lory  determination  for  the  tb(;al  distance  of 
instrument,  other  methods  being  less  reliable  or  more  complicatinl. 

When  dry  plates  are  used,  it  will  become  necessary  to  make  an  al- 
h)wance  for  the  changes  M'hich  the  image  sulfers  during  the  prmress  of 
being  transfeiTcd  t^)  i>ai)er.  With  the  exercising  of  care  on  part  of  the 
])rinter  these  changes  will  nearly  be  of  a  nnifbrin  chariwter,  manifesting 
themselves  chietly  in  the  contraction  of  the  ]>aiMM-  while  drying.  The 
edges  of  the  plat-e  sup]X»rts  being  printeil  <»n  the  edge  of  Www ^JwVxnxv- ^ 
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aud  the  diBtiiiice  of  these  supports  bciug  invariable  ou  the  instruiueut, 
we  find  iu  this  circumstance  the  meiins  for  correcting  the  focal  distance 
in  accord  with  the  contraction  of  the  paper. 


Fin.  a.— a  ft— original  length  of  plotaru  lieiween  plat«  HnpportM  in  camera,    a'  b'—lengih  of  picture 
AfU'r  having  been  tranHferrtNl  to  pu|N>r  anil  dried,    in  O-  -focal  diHiauut*  of  camera. 

By  laying  down  the  triangle  abO  and  plac*ing  the  length  of  printed 
paper  a'  V  parallel  to  a  bj  and  moving  it  from  a  b  until  a'  fells  upon 
a  O  and  b*  ui>on  b  O  (a'  b^  being  still  /  to  a  b)^  we  find  jwint  m\  and 
can  measure  length  of  O  w'=  focal  distance  for  contracted  picture. 

In  order  to  distribute  the  weight  of  the  camera-theodolite  as  nearly 
as  possible  upon  the  three  leveling  screws  of  the  instrument,  and  thus 
facilitate  its  setting  up  and  liauling,  the  optical  center  necessarily 
falls  outside  of  the  vertical  axis  of  the  camera.  During  a  circular 
movement  of  the  camera  i)late  (surveying  the  horizon)  the  optical  cen- 
ter will  describe  a  circle  of  ab(mt  ()'20  centimetres  in  diameter  for  or- 
flinary  instruments.  In  other  words,  the  station  i)oint  and  optical 
center  of  pictures  will  not  coincide  with  each  other.  The  optical  centers 
of  the  six  pictures  covering  the  horizon  are,  in  reality,  situated  on  the 
circumference  of  a  circle  of  0*2  centimetres  diametc>r  iu  the  form  of  a 
regular  hexagon. 

For  a  scale  of  1-100()  for  the  survey,  the  diameter  of  this  circle  will 
be  only  0*(K)02  metres  long,  about  the  size  of  a  line  needle  puncture. 
For  all  toi>ographical  purposes,  therefore,  we  c^n  assume  the  optical 
centers  to  fall  into  one  point — the  station  point. 

The  maps  are  constructed  from  pliotogrammetric  pictun^s  in  the  same 
manner  as  the  plane  table  is  used,  and  the  opemtious  may  be  described 
as  follows : 
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ORIENTATION  OF  THE  PICTURES. 

The  simplest  ease  would  be  tliat  a  baseline  had  been  measured,  and 
])ictures  of  the  terrene  had  been  taken  from  both  end  stations  of  tliis 
line.  While  occupying  one  end  of  the  line,  the  other  must  be  marked 
by  some  plain  signal,  which  will  be  readily  seen  on  a  picture.  In  the 
pictures  taken  fron)  the  Stations  (T  and  II)  this  signal  slu»uld  api>ear  on 
plate  I  as  a  heavy  short  line,  showing  two  tiags  (Fig.  7).    The  horizontal 
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angle  subtended  by  optical  axis  of  iustrunieut  and  the  base  line,  during 
each  exposure  for  the  pictures,  can  readily  be  obtained  graphically,  as 
indicated  in  figure  and  described  in  preceding  chapters.  The  size  of 
these  angles  is  entirely  arbitrary  and  it  is  only  necessary  that  the  sig- 
nal may  api)ear  at  least  on  one  of  the  pictures,  even  if  the  e\\>ox^\sssev- 
zon  is  not  covered  by  the  exposures. 
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Aft^r  having  plotted  the  base  line  l-II  (precxMiing  figure)  in  rciluced 
scale,  tlie  ang]e8  a  and  fi  are  iilottcd  with  reference  to  the  pictures  to 
which  they  belong,  and  on  tliese  diit)ction8  of  the  optical  axis  the  known 
focal  distance  f  is  laid  oft*  from  points  1  and  IE  and  the  vertical  lines 
(horizons  U'll'  and  II"  H")  drawn  through  their  ends.  All  the  other 
])ictures  (having  no  spec^ial  signal  for  orientation)  are  oriented  as  soon 
as  the  tirst  one  of  the  six  has  been  orient<5d,  as  above,  owing  to  the 
division  of  the  horizon  int^)  six  pi(;tures,  and  herein  rests  the  main  iul- 
vantage  oi  the  hexagonal  division. 

The  entire  orientation  of  the  pictures  is  iu;(*oinplished  in  a  very  short 
time,  inasmuch  as  the  triangles  are  all  rectanguhir  one,s  with  known 
sides  (f,  t  and  h).  The  known  focal  distance  f  is  laid  off*fn)m  m  down- 
ward along  V  m  v  in  the  i)ictures,  and  alter  projecting  the  i>oiDts  of 
images  upon  the  horizon  we  find  h  and  U 


^^ 


."  % 


After  the  horizons  have  been  located  as  shown  above,  the  horizontal 
projection  of  any  point,  common  to  two  {dates,  is  found  by  intersect- 
ing. Thus  the  circular  tower,  indicated  on  the  i)icture8  taken  from  the 
Stations  I  and  i  I  is  located.  The  distances  t  of  the  two  sides  of  the 
t^)wer  from  the  vertical  tlircad  arc  plotted  from  m'  and  m"  upon  the 
horizons  II'  andH"  res])ectively,  new  lines  (rayons)  ai'C  drawn  from  the 
end  stations  of  base  line  I-ll  through  these  points,  which  lines  inter- 
sect each  other  in  af|uadrangle,  the  inscribed  circle  of  which  locates 
the  horizontal  projc^'tion  of  the  tower.  The  photogrammetric  plotting 
is  altogether  very  nuurli  like  the  plotting  on  the  i>lane  table,  and,  gen- 
erally speaking,  ])hotogranmietry  has  the  same  advantages  and  disad- 
vantages adherent  to  the  x>lane  table,  except  that  the  duration  of  the 
field  work  is  reduced  to  a  minimum. 

In  ciise  the  base*,  line,  or  the  line  from  which  the  observations  are 
made,  is  not  situated  in  the  area  to  be  surveye«l,  the  orientation  of  the 
pictures  can  only  be  made  with  reference  to  a  point  or  signal  not  situ- 
ated on  the  base  line,  the  position  of  which,  in  reference  to  the  base 
line,  however,  nuist  be  known  or  determined.  For  this  .and  similar  pur- 
poses, Mr.  Meydenbaur's  instrument  is  convertible  into  a  plane  table 
by  removing  the  camera  and  clamping  a  sheet  of  paper  upon  the  camera 
supporter  tabic,  after  which,  lines  of  direction  to  the  distant  '* object  of 
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orientation"  (*an  be  taken  from  both  ends  of  tlie  ])aKe  line  witli  tli<»  aid 
of  a  small  alidiule.  By  combining  a  compass  with  the  camera  addi- 
tional advantages  may  be  obtained. 

After  the  horizontal  projection^'  of  any  pointy;  has  been  constrnttted, 
the  relative  height  P  P'  of  this  object  above  the  horizon  of  the  iustrn- 
ment  or  picture  can  be  readily  found,  as  follows  (Figs.  4  and  4") : 

Oj)  and  Op'  found  from  horizontal  projections,  p  p'  measured  dirtjctly 
on  surface  of  pictures. 


Flu.  4a. 


We  have  the  relation : 

PP' :  pp'  =  ()  P':  Op' 


PP'  = 


()  P' «  1)' 

—    J  -i..  (with  reference  to  the  scale  of  the  niai>). 


Op' 


Measurements  on  the  pictures  are  prefiTably  niiule  with  a  small  ivory 
scale  divided  into  millimetres.  After  some  practice,  the  eye  can  esti- 
mate 0*1  millimetre  very  closely. 

If  a  difticulty  appciirs  in  finding  or  locating  identical  points  on  pairs 
of  pictures,  photogrammetry  can  not  be  employed.  Still,  with  the 
erection  of  a  few  signals  this  evil  may  be  remedied  also.  Owing  to  the 
fa<*t  that  every  point  must  be  shown  at  least  on  two  pictures  in  order 
to  locate  the  sam(».  on  the  horizontid  projection,  an  error  of  identity  of  a 
point  in  question  is  very  jmprobable,  insomuch  as  the  twofold  deter- 
iiiinatiou  of  the  elevation  of  any  doubtliil  point  will  give  a  good  che(!k; 
both  elevations  determined  from  two  plates  must  give  the  same  result 
if  the  point  has  not  been  mistaken  for  another. 

A  tier  a  sufficient  number  of  44evations  have  been  plotted  upon  the 
?na])  it  will  be  an  easy  matter  to  draw  the  (*ontours  by  intex^"^*^^'=s^> 
which  operation  will  l>c  greatly  facilitated  by  studying  tV^^   >4\s5v:^^ 
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taken  of  the  terreu^s  from  their  dift'erciit  stations,  ju8t  as  one  might 
take  a  map  out  into  the  fichl  to  sket<;h  in  some  doubtftil  detail. 

The  scope  ami  pro4luctivenessof  theplioto^^^mnietric  method  greatly 
exceed  the  bounds  which  formerly  surrounded  the  Held  ojierations  of 
lower  geodesy,  as  the  following  re-marks  may  show : 

A  scientific'  exploring  party  may  have  sent  home  a  number  of  photo- 
grammetric  i)icture8  of  their  route  of  travel  with  the  necessary  data 
for  orienting  the  pictures,  and  also  sent  the  elevations  of  their  horizons, 
H  H,  det'Crmined  hy  aneroid  baromc^ters  in  this  t^ase^  A  distant  moun- 
tain range  may  appear  on  two  or  more  views^  visible  only  in  outline, 
owing  to  the  great  distance.  It  is  possible  to  construct  a  system  of 
contours  which  will  rej^resent  the  range  with  a  coftsiiderable  degree  of 
accuracy. 
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For  this  purpose  wo  locjitc  the  horizontal  proje(?tion  A'  of  the  sum- 
iiiit  A,  if  it  ('an  bo  reaclily  identified  on  several  pictures,  then  ascer- 
tain the  elevation  h  of  A  above  horizon  H  H,  which  height  we  divide 
into  a  number  of  horizontal  strata  (with  reference  to  the  elevation  of 
A  above  H  H  in  the  different  pictures)  in  such  a  manner  that  the  cor- 
responding dividing  planes  are  on  the  sjime  level.  Above  figure  rep- 
resents one  of  the  pictures  thus  divicled  into  strata,  the  lines  O  C,  O  C5« 
represent  the  taiig(^ntial  lines  drawn  from  focal  center  O  to  the  contours, 
as  indicated  by  the  dividing  of  planes  of  strata.  These  tangents  are, 
it  is  tnie,  not  in  th<»  same  plane  as  their  corresiKUiding  dividing  jilanes, 
but  owing  to  the  grent  distance  of  A  from  O  this  will  cause  an  error 
too  small  to  affect  the  mai>. 

Adjoining  figure  represents  the  result  of  this  operation  after  having 
drawn  tangential  lines  from  thre(5  stations,  I,  II,  III  (from  the  latter 
only  the  tangents  to  lower  contour  line  drawn),  and  it  is  evident  thal^ 
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this  metliml  Riii'imsaes  any  other  wliiiili  aii  oxploring  expetJitioii  may 
have  nt  command  t<>(U>U'riiiiiio  the  wopc  and elevjition  of  terreim  lying 
at  a  diatancM;.  The  virciiiuHtance  that  thv  n'.siilt  obtained  vau  be.  ivurkod 
out  at  huniu,  without  the  prcscncuof  any  member  of  the  scientific  corps 
of  explorers  being  necessary,  Keeius  to  be  another  point  in  favor  of  the 
photogrammetric  method.    Military   roconnaisaanoo   in  times  of  war 


(secret  snrvcys),  proliminarv  snrveys  for  cngii»'«"ring  pnr|>oscH  in  unin- 
habited, moiiutainotiR  countries,  etc.,  will  lind  groat  help  in  plM)(o- 
grammetry,  particularly  when  coniUined  with  tiic  plane  table,  alidade, 
and  barometer. 


REPORT  OF  COMMirrKF,  ON  MKTilODH  OF  HAIJ.OON  SURVEYING. 
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Wright.] 


Your  committee  begs  leave  to  submit  the  following  report  on  that 
portion  of  Assistant  Baciie's  piiper  relating  to  tojHigraphieal  surveying 
by  photography  from  a  captive  ball(H)n,  which  was  read  to  Ihe  Con- 
ference at  its  8e<^nd  session. 

Your  eommitteo  believes,  from  a  short  study  of  the  subject,  that  it 
is  perfectly  pr;u'ticable  to  have  a  balloon  iTiade  as  de-scribcd  by  Assistant 
Bachc,  and  to  suspend  frem  it  a  eameia  in  the  manner  he  I'eprci'entii, 
which  will  be  sufficiently  l^ee  from  oscilliition  to  obtain  an  accurate 
pictnre  of  the  field  of  view. 

Also,  it  seems  to  us  feasible  to  hold  the  balloon  in  ^wsition,*  or  nearly 
HO,  over  a  given  point  by  a  set  of  four  gnys;  and  it  is  undoubtedly 
practioable  to  control  the  moment  of  exiwsure  by  an  »'lectrii;al  device 
such  as  be  indicates,  connected  with  the  shutter  of  the  camera.  More- 
over, a  traverse  line  laid  out  on  level  gnmnd  and  marked  in  the  man- 
ner given  by  Assistant  Bachc  would  serve  as  a  means  to  correct  any 


'Tbe  height  Biig^csU'd  liy  AiwiHliint  Biw'tie  is  from  2i 
H.  Kx,  43,  pt,  a ^15 
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distortion  of  films  or  ]>rints  due  to  clieiniral  i)roc*c»ss*\s,  and  any  dis- 
tortion due  to  perspertive  of  lines  lying  in  the  same  horizontal  plane 
as  the  traverse  line.  Hut  it  is  our  opinion  that  the  plan  proiK>sc4l  is 
open  to  two  serious  ohjeotijons  which  niilitat4Mi|;ain8t  it«*  practical  nse — 

(1)  The  amount  of  time  comsumcd  in  mapping  by  this  meiins  a  given 
area,  owing  to  the  small  surface  obtained  by  one  operation  or  i)icture; 
the  ditticiilty  in  moving  forward  the  guys  through  bushes  and  trees  or 
I)ast  buildings,  and  in  jn*eparing  a  new  traverse  line. 

(2)  All  objei'ts  not  lying  in  the  same  horizontal  plane  as  the  traverse 
line  would  apjn^ar  on  tlu»  picture  out  of  place  according  to  scale;  thus 
an  object  on  a  hill  50  feet  high  and  distant  horizontally  150  feet  from 
a  point  directly  under  the  camera  would  measure,  according  to  scale, 
over  175  feet  from  the  same  point;*  and  so  for  all  objects  above  or 
beh)wthe  plane  of  the  traverse  line  a  special  reduction  of  each,  ac(H>nl- 
ing  to  height,  would  have  to  be  made,  necessarily  involving  a  large 
amount  of  w^ork  and  proving  a  fertile  source  of  error. 

It  is  not  to  be  inferred  from  the  criticism  of  the  present  plan  that 
your  committi^e  holds  an  unfavorable  opinion  of  all  photography  as 
applied  to  surveying.  It  believes  a  reasonably  accurate  map,  of  small 
scale,  could  be  made  of  a  fiat  or  gently  rolling  country  from  a  balloon 
at  the  height  of  several  thousand  feet,  if  only  a  balloon  were  suscep- 
tible of  management  at  that  height.  It  also  believes  that  the  ques- 
tion of  mapping  mountainous  regions  by  means  of  cameras  directed 
horizontally  is  worthy  of  discussion  and  investigation. 

In  conclusitm,  this  cjmimittee  would  state  that  there  appear  to  be 
serious  doubts  as  t^)  the  a[)plicability  of  the  pn)posed  method  to  the 
conditions  practically  existing  in  Coast  Survey  work;  and  though  not 
feeling  warrant^l  in  recommending  any  outlay  in  making  the  exi>eri- 
ment,  it  acknowledges  that  if  a  suiliciently  large  area  to  afford  a 
thorough  test  were  surveyed,  data  would  be  furnished  of  much  interest 
and  probable  value  for  acomx)arison  in  rapidity,  accuracy,  and  exxieuse 
between  this  method  and  those  ordinarily  used. 


SrPPLEMENT  J. 
CONVENTIONAL  SIGNS  FOE  FIELD  SHEETS. 

See  page  570  for  an  abstract  of  the  report  of  the  committee  appointed 
to  secure  still  greater  uniformity  than  heretofore  in  the  use  of  csoiiveu- 
tional  signs  on  the  original  charts  of  the  Survey. 
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Supplement  K. 
letter  from  mr.  henry  gannett.  cijief  topographer  of  the 

U.  S.  GEOLOGICAL  SURVEY,   DESCRIBING  THE  METHODS   EMPLOYED 
ON  THAT  WORK. 

Department  of  the  Interior, 
U.  8.  Geological  Survey,  Geographic  Branch, 

Watfhinofon,  1).  C,  February  19, 1802. 

My  Dear  Sir:  At  a  meeting  of  ollieers  of  the  Cotist  and  Geodetic 
Survey  last  Tuesday,  to  which  myself  with  others  eoime<jt«d  with  the 
U.  S.  (xeological  Survey  were  invited,  a  question  was  asked  by  Mr. 
Ogden  the  substance  of  which,  as  I  recollect  it,  was  as  follows:  "Cau 
you,  as  a  result  of  your  experience  in  topographic  surveying,  suggest 
any  improvements  on  the  methods  the  Coast  and  Geodetic  Survey  is 
now  pursuing  whereby  its  work  may  be  more  rapidly  or  economically 
carried  on!" 

At  the  moment  I  did  not  I'eel  prepared  to  answer  this  question^  but, 
upon  consideration,  it  appears  to  me  that  a  cxmdensed  statement  of  the 
organization  and  methods  iu  use  upon  the  Geological  Survey  may  serve 
to  develop  the  iK)ints  of  dill'erence  between  the  practi(!e  of  the  two  or- 
ganizations, from  which  the  officers  of  the  Coast  and  Geodetic  Survey 
may  select  such  features  as,  from  tlieir  experience,  seem  desirable  and 
fitted  to  the  conditions  under  which  their  wH)rk  is  prosecuted. 

Primarily,  it  is  understood  throughout  the  Geological  Survey  that 
the  work  is  carried  on  for  the  sole  purpose  of  making  maps  upon  cer- 
tain predetermined  scales,  and  all  the  operations  of  the  Survey  are 
subordinated  to  this  end.  The  primary  triangulation  is  carried  on 
merely  for  the  purpose  of  controlling  these  maps,  and  the  maximum 
allowable  error  in  the  work  is  limited  only  to  that  permissible  upon  the 
maps.  Such  being  the  case,  the  i)rimary  triangulation  is  compara- 
tively cheap,  from  ten  to  twenty  stations  being  occupied  per  month. 
A  single  occupation  of  a  triangulation  station  is  generally  sufficient, 
and  twelve  to  sixteen  pointings  upon  each  other  station  are  made. 
Artificial  signals  are  used  throughout  in  the  work.  Such  rapid  prog- 
ress is  not,  however,  inconsistent  with  considerable  accuracy  in  the 
results.  For  exam[)le,  the  triangulation  in  Kansas,  executed  in  1890, 
with  an  8-inch  theolodite  reading  by  micrometer  to  two  seconds, 
showed  an  average  error  of  closure  of  1-95,  iu  one  hundred  and  twenty 
triangles. 

By  the  primary  triangulation,  three  points  are  located  immediately 
on  or  adjacent  to  each  atlas  sheet,  such  iiheet  comprising  upon  the 
scale  1-G2500,  250  square  miles,  and  upon  the  scale  of  1-125000,  1  000 
square  miles.  These  sheets  are  projected,  the  primary  points  are 
plotted  upon  them,  and  all  work  from  that  point  on  is  reles^^^^J^  N^vb 
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plane  table.  With  this  instrumiMit  all  iK)iiits  capable  of  being  located 
by  triaiigulatiou  an*  so  located.  For  this  purpose,  a  srore  or  more  of 
points  are  ociriipied  iii>on  ejuili  plane-table  sheet,  their  positions  having 
been  determined  prior  to  occupation  whenever  possible.  Signals  are 
used  upon  fill  point^s  to  be  occupied.  Points  located,  but  not  occnpic^l, 
are  not,  as  a  rule,  marked  by  signals.  Such  points  C4)nsist  of  hilltops 
and  other  relief  features,  houses,  churches,  and  other  features  of  cul- 
ture, points  in  the  shore  line,  and  any  other  points  in  the  hydrography 
of  the  region  which  are  susceptible  of  being  so  locate<l.  In  other  words, 
location  by  triangulation  is  carried  on  as  far  as  is  economic.  This 
method  of  location  serves  two  puriM)ses.  First,  to  aid  in  the  location 
of  the  sketching,  and,  secondly,  to  h)cate  in  correct  i>osition  the  traverse 
lines.  All  this  work  is  done  by  the  Johnson  x)lane  table  and  with  a 
telescopic  alidivle  of  considerable  power. 

Traversing,  by  which  location  is  efi'ecteil  by  direction  and  distance 
measurement,  is  carried  on  to  a  large  extc^nt.  All  roads  are  traversetl, 
since  it  is  the  cheapest  method  of  obtaining  their  alignment,  and  iii 
unsettled  parts  of  the  country  it  is  found  necessary  to  run  many 
traverses  where  no  roads  exist  in  order  to  supply  the  re<|uisite  control 
for  the  sketching.  In  the  eastern  parts  of  the  country,  roails  average 
from  1  to  2  linear  miles  to  every  s(piare  mile  of  country,  involving 
an  enormous  amount  of  traversing  merely  to  obtain  the  roads.  This 
traversing  of  roads  serves  also  for  the  location  of  countless  iK)ints  in 
addition  to  those  located  by  triangulation,  forming  a  network  closely 
covering  the  country.  Traversing  is  done  with  the  simplest  possible 
plane  table,  which  is  oriented  by  compass.  Directions  are  measured 
with  a  ruler  having  raised  sights.  Distances  are  measured  by  count- 
ing the  revolutions  of  a  wheel  directly  or  by  some  form  of  odometer. 
Large  numbers  of  minor  points  are  cut  in  from  the  traverse  lines.  The 
traverses  are  titted  to  the. triangulation  executed  with  the  larger  plane 
tables. 

Datum  points  for  heights  are  obtained  by  the  use  of  the  wye  level. 
Secondary  heights  are  measured  by  the  vertical  arc  of  the  alidade,  and 
elevations  along  traverses  are  in  the  main  mea^sured  by  aneroid  closely 
checked  by  instrumental  determinations,  and  to  some  extent  by  instru- 
mental profiles. 

The  Geological  Survey  makes  a  clear  distinction  between  instru- 
mental determinations  of  position,  which  is  characterized  as  the  con- 
trol of  a  map,  and  the  sketching,  which  is  recognized  as  artistic  work. 
The  sketching  is  done  upon  a  skeleton  map,  which  contains  all  the 
control,  and  it  is  done  by  the  best  sketchers  available.  The  selection 
of  stations  for  sketching  is  done  with  considerable  care,  regard  being 
had  to  obtaining  the  best  positions  for  seeing  the  country  in  its  proper 
relations.  Upon  the  s('ale  1-02500  sket(».hing  is  rarely  attempted  at  a 
distance  greater  than  a  mile  and  then  only  when  it  seems  impracti- 
cable to  obtain  nearer  views;  as  a  rule,  the  sketching  is  done  at  much 
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shorter  distances.  The  matter  of  generalization  has  received  much 
attention,  the  fa<*>t  being  fully  recognized  that  all  maps  must  be  in  a 
greater  or  less  degree  generalized  from  nature.  In  connection  with 
this  as  an  immediate  adjunct,  the  study  of  structural  geology  in  its 
influence  upon  topographic  forms  has  become  a  part  of  the  education 
of  the  tepograplier. 

The  organization  of  the  parties  is  simplified  as  far  as  is  consistent 
with  efficiency.  A  party  engaged  in  primary  triangulation  consists 
ordinarily  of  the  head  of  the  party,  a  helper,  and  a  man  to  build  sig- 
nals. A  party  engaged  in  plane-table  triangulation  consists  of  the 
plane-tabler  and  a  helper.  A  horse  and  buggy  is  provided  for  carry- 
ing them  about.  A  traverse  party  consists  of  a  traverse  man,  with  the 
necessary  horse  and  vehicle,  and  the  traversing  is  generally  done  by 
low-salaried  men,  since  it  does  not  require  a  high  degree  of  skill.  No 
rules  regarding  office  hours  obtain  in  the  field,  but  men  are  ex\H^cted  to 
work  all  day. 

The  list  of  features  represented  upon  the  maps  embraces  all  natural 
features  of  magnitude  sufficient  to  be  represented  upon  the  scal^  and 
all  artificial  features  which  are  of  public,  as  distinguished  from  private 
importance.  Thus,  there  are  represented  boundaries  of  civil  divisions, 
cities,  townships,  counties  and  States;  houses,  railroads,  roads,  streets, 
canals,  bridges,  fords,  lighthouses,  ete.  The  outlines  of  wooded  areas 
are  mapped.  Tliere  are  not  mapped  fences,  cultivated  lands,  or  any 
other  features  which  relate  to  the  individual,  rather  than  te  the  com- 
munity. 

The  plane  table  triangulation  of  an  atlas  sheet,  including  some  250 
square  miles,  occupies  from  one  te  two  weeks  in  putting  up  signals 
and  measuring  angles,  according  te  the  extent  te  which  this  work  can 
be  carried.  The  traversing  of  such  an  area  ordinarily  requires  about 
fifty  days'  work  of  one  man,  since  a  man  traverses,  on  an  average, 
about  10  linear  miles  per  working  day.  The  sketching  of  such  an 
area  re^iuiies  from  one  to  two  months,  according  to  the  intricacy  of  the 
work,  and  the  readiness  and  the  facility  of  the  sketcher.  On  an  aver- 
age, a  party,  consisting  of  its  head,  who  does  the  triangulation  and 
sket<rhing,  and  one  traverse  man,  with  a  helper,  will  survey  entirely 
two  atlas  sheets  per  seaijon. 

As  a  matter  o^'  interest,  I  append  te  this  a  table  showing  for  the 
Northeastern  Division  of  Topography  the  area  surveyed  during  the 
last  season,  the  number  of  points  located  by  plane-table  triangulation^ 
the  number  of  miles  that  were  traversed,  and  other  derived  data. 
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[Sialt;  1-025<H);  contour  interval,  20  feet] 

Area  norveyed  (square  milea) : 3150 

Triangiilatiou  statiouH 650 

Niimb<*r  of  square  inches  per  station 47 

PointH  located  by  triangulation 3  33<» 

Total  triaugnlation  stations  and  located  points 3  SWO 

Number  of  above  locations  per  square  iucli 1  '3 

Number  miles  traversed 44(»0 

Inches  traversed  per  square  inch 1  -4 

Number  traverse  stations 29  laO 

Traverse  stations  per  square  iucli 9-3 

Total  locations  per  square  incli 10*6 

Traverse  stations  per  linear  mile 6*5 

Heights  measured  with  vertical  cinde 5  700 

Heights  measured  by  aneroid 23  886 

Total  measured  heights 29  586 

Heights  per  square  inch 9.4 

These  locations  are  rogardcl  as  sensibly  accurate  ui)on  pai)ei\  iis 
indeed  they  must  be,  as  otherwise  the  work  would  come  to  a  standstill. 
The  imperfections  of  the  maps  are  to  be  looked  for  in  the  sketching, 
where  they  may  be  due  to  insufficient  cx)ntrol,  to  inexpressiveness  of 
the  sketching,  or  to  both  causes  combined. 

I  inclose  with  this  a  tracing,  showing  the  amount  and  the  distribution 
of  the  control  upon  a  sheet  surveyed  in  West  Virginia  during  the  past 
season,  which  will  further  illustrate  this  matter.  (See  illustration 
No.  31.) 

Thanking  you  and  the  other  gentlemen  composing  your  commission 
for  your  courtesy  in  inviting  us  to  joiu  you  in  your  deliberations,  1  re- 
main, 

Sincerely,  yours, 

Henry  Gannett. 

Chief  Topographer^  U.  S.  Geological  Surrey. 
Prof.  Henry  L.  Whiting, 

U.  IS.  Coast  and  Geodetic  Survey j  Washington^  D.  C. 


COMMENTS  BY  ASSISTANT  II.  G.  OGDEN  ON  THE  PRECEDING  LETTER. 

[Submit te<l  Fel.niary  24.  1892.] 

The  letter  from  Mr.  Gannett,  Chief  Toi)ographer  of  the  U.  8.  Geo- 
logical Survey,  to  the  Chairman  of  this  Conference,  oflers  us  an  oppor- 
tunity of  comparing  the  methods  employed  by  the  U.  S.  Geological 
Survey  in  making  topographic  surveys  with  those  employed  by  the 
Coast  and  Geodetic  Survey. 

Before  instituting  this  comparison,  however,  I  desire  to  say  a  word 
on  the  question  I  propounded  to  our  associates  of  the  Geological  Survey 
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when  they  joined  us  in  conference  a  few  days  since.  Tlie  subject  I  had 
in  my  mind  at  the  time  was  similar  to  that  stated  by  Mr.  Gannett,  but 
differed  in  so  much  that,  I  asked  if  the  gentlemen  present  would  slate 
to  us  what  part  of  the  methods  in  use  by  them  in  toj)ographical  survey- 
ing could  be  applied  advantageously  to  the  work  of  the  Coast  and 
Geodetic  Survey.  While  this  has  not  been  specifically  answered,  Mr. 
Gannett  has,  with  great  kindness,  given  us  a  statement  of  the  methods 
used,  and  leaves  to  us  to  make  the  application  to  our  own  work,  IVIr. 
Gannett's  statement  refers  entirely  to  the  eastern  half  oi*  the  continent; 
it  does  not  include  the  regions  of  the  West,  which,  topogiaphically,  are 
very  different,  and  are  surveyed  by  a  different  method.  As  1  have 
been  informed  by  Mr,  A.  H.  Thompson,  the  plane  table  alone  is  used 
in  California,  even  in  running  such  traverse  lines  as  are  found  necessary 
through  wooded  areas. 

The  method  described  in  Mr.  Gannett's  letter  involves  several  opera- 
tions, and  covers  the  ground  several  times  before  the  survey  is  plotted. 
It  will  be' observed  that  a  triangulation  with  computed  sides  is  first 
spread  over  the  ai^ea,  furnishing  a  sufficient  number  of  points  to  permit 
the  use  of  the  plane  table  in  interpolating  intermediate*  stations.  Tlie 
ground  is  then  covered  by  a  plane  table  triangulation  in  which  eleva- 
tions, so  far  as  practicable,  are  determined  by  means  of  the  vertical 
arc.  Up  to  this  point  we  may  say  that  the  method  is  identical  witii 
that  employed  on  the  Coast  and  Geodetic  Survey.  Hut  in  supplying 
the  details  of  shore  line,  roads,  elevations,  etc.,  that  are  still  required 
to  complete  the  survey,  the  methods  employed  are  radically  different. 

On  the  Geological  Survey,  the  system  of  traverse  lines  forms  the 
basis  for  the  determination  of  all  these  details,  these  traverse  lines 
being  tied  on  to  the  stations  of  the  triangulation  and  the  plane  table. 
Sometimes,  in  running  the  traverse  lines,  elevations  are  also  deter- 
mined, either  by  angulation  or  by  the  barometer,  but  1  judge  from  the 
description  given  us  that  in  many  instances,  after  the  traverse  lines 
have  been  obtained,  the  ground  is  again  covered  with  the  barometer 
survey.  But  whichever  way  this  traverse  work  may  have  been  con- 
ducted, it  seems  plain  that  after  it  has  all  been  completed  and  adjusted 
into  pla€e,  the  elevations  being  given  also,  the  sheets,  or  sections  of 
sheets,  are  taken  in  the  field  by  still  another  i)arty  or  otticer  of  the 
party,  and  the  hill  work  sketched  in  by  the  data  on  the  sheet  of  tra- 
verses; this  officer  checking  the  previous  work,  iis  may  be  required, 
by  the  barometer,  and  running  such  additional  traverse  lines  as  he 
may  find  necessary,  where  the  work  furnished  him  has  not  cut  up  the 
country  sufficiently  close  to  permit  the  sketching  of  the  cuntouis 
within  the  limits  of  error  that  may  be  prescribed. 

The  same  details  are  obtained  in  the  Coast  and  Geo^^^^R '^^'^sz^i^e^ 
with  the  plane  table,  the  elevations  being  determineil  witAv  \^:^si."^'^'^*^^s^'^ 
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;irc,  and  the  shore  linos  and  rojwls  hoiu^  located  direi'tly  by  piano  table 
Mlations  over  tlie  whole  area,  only  sueh  traverse  lines  being  run,  and 
these  almost  invariably  with  the  plane  table,  when  a  strip  of  country 
is  encountered  in  which  ])lane  table  stations  can  not  be  miide^  for  in- 
stance, a  dense  wood  in  such  a  level  region  that  it  is  inii)08sible  to  see 
out  U}  the  determined  points. 

This  statement  shows  that  in  the  meth<Kl  employed  by  the  Geological 
Survey  the  ground  has  to  be  covered  at  least  four  times,  and  it  may 
happen  five  times,  whereas,  in  the  method  of  the  Coast  Survey,  it  is 
covered  buj  twice.  It  s<»enis  to  me  that  this,  in  itself,  is  such  a 
saving  of  time  that  there  can  be  no  question  as  to  the  i)reference 
of  the  Coast  Survey  method  in  conducting  work  such  as  is  required 
in  the  Coast  and  (leodeti<!  Survey;  that  is,  a  large  scale,  with  in- 
tricate sliore  lines  and  details  of  high  cultivation,  to  be  repi*e8ented 
on  the  nnip.  But  the  m(»thod  of  the  Geological  Suivey  is  still 
further  objectionable,  if  we  should  attempt  to  apjdy  it  to  our  own 
work;  for  the  labor  of  ])lotting  the  traverse  lines  and  details  involves 
in  woi'k  of  such  intricacy  as  ours  an  amount  of  time  that  is  almost  eipial 
to  the  rime  consumed  in  making  the  survejt  in  the  fiehl.  It  may  be 
observed,  also,  that  the  method  of  the  Geological  Survey  would  be 
most  laborious  and  almost  impracrticable  in  determining  many  of  the 
shore  lines  on  the  Nc^w  England  coast  with  the  degree  of  accuracy  tlnit 
is  rcijuired.  There  can  be  no  d<mbt  that  this  feature  in  surveying  is 
more  rapidly  and  e(H)nomically  trac(»d  by  the  plane  table,  and  that  in 
many  instan<'es  it  is  the  only  instrument  with  which  a  control  of  the 
shore  <'an  be  satisfa(!torily  obtained. 

In  discussing  these  methotls  I  am  led  to  the  opinion  that  to  adopt 
the  methods  of  the  Geological  Survey,  as  they  have  been  given  to  us 
by  Mr.  (iannett,  as  a  substitute  for  our  own  in  the  prosecutiim  of  tc»po- 
graphical  surveys  for  the  Coast  Survey,  would  lead  to  an  increa8e  in 
the  cost  of  the  topography  ])er  stjuare  mile  so  large  that  it  would  prac- 
ti<'ally  be  prohibitive. 

While  considering  this  (piestion  of  methods  1  ask  your  indulgence 
for  a  few  moments  longer  to  ex  press  my  vitnvs  on  section  4  of  the  Su|>er- 
intendent's  opening  ad<lress  to  the  conference. 

We  have  already  expressed  ourselves  most  forcibly  tl^at  in  our  own 
topograi>hi<^al  work  we  can  see  no  V(Ty  mat^M'ial  moditication  that  can 
]n*operly  ho  made,  either  in  the  <lctail  that  is  given  or  in  the  method 
that  w<»,  employ;  that  we  ]>elievc  experience  has  fully  demonstrated 
the  economy  of  our  methods,  and  that  they  are  su]>erior  in  accuracy 
and  rapi<lity  for  the  sann».  <'lass  of  work  over  any  nu'tluKls  employed  by 
any  topographers  tin*  worhl  over,  so  far  as  we  have  been  able  to  ascer- 
tain. 

The  second  part  of  this  s(H*tion  of  the  Superint<Mident\s  address  refers 
to  methods  for  making  topographic  surveys  of  less  retinement,  and  to 
be  at  a  reduced  cost.    The  subcommittee  to  which  wjis  referred  the  oost 
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of  work  has  referred  to  tliis  question  at  considerable  detail  in  their 
report,  but  did  not  enter  into  the  details  of  actual  methods. 

In  any  region  where  it  is  practicable  to  use  the  plane  table  alone  it 
is,  in  my  opinion,  the  cheapest  and  most  rapid  method  that  has  yet 
been  devised,  either  for  an  accurate  survey  or  for  a  survey  of  less  pre- 
cision, with  greater  generaliz.ation.  The  cost  per  square  mile,  wherever 
a  survey  is  made  with  this  instrument  alone,  must  depend  very  largely 
upon  the  details  that  will  be  shown  upon  the  map,  aside  from  the  per- 
sonal equation  or  the  expertness  of  the  officer  nmnipulating  the  instru- 
ment. There  are,  however,  many  regions  so  densely  wooded,  and  at 
the  same  time  broken  with  deep  ravines,  that  it  is  essential  to  use  some 
auxiliary  instrument  to  locate  details.  The  methods  emph)yed  for  this 
purpose  on  the  Geological  Survey  are  at  ouce  suggested  as  those  most 
available  in  a  country  of  this  character;  but  it  should  be  observed  that 
to  use  these  methods,  so  far  as  they  relate  to  detail  only,  would  not  pro- 
duce a  satisfactory  result,  as  the  work  would  be  very  imperfectly 
orientexl  in  its  different  parts,  rendering  directions  and  distances  very 
uncertain.  The  Geological  Survey  has  recognized  the  failure  of  these 
methods  when  used  alone,  and  has  strengthened  them  in  the  only  prac- 
ticable way  by  covering  the  ground  with  a  triangulation  of  reasonable 
strength  mid  interpolating  other  points  with  the  i)lane  table. 

The  scale  on  which  the  survey  is  made  necessarily  affects  the  cost  of 
the  work  in  a  general  way.  If  the  scale  is  large,  it  requires  more  sta- 
tions to  represent  the  features  that  can  be  shown  upon  the  maj).  If  the 
scale  is  small,  these  features  are  generalized,  to  a  certain  extent,  and  the 
number  of  stations  that  would  be  recpiired  is  less.  The  advantage, 
therefore,  of  the  small  scale  in  reducing  the  cost  should  at  once  become 
{ipparent.  On  the  other  hand,  the  scale  of  the  work  should  be  suffi- 
ciently large  to  represent  a  rensonable  detail  of  the  features  of  a 
c<mntry.  In  the  work  of  the  Conference  we  have  given  expression  to 
the  opinion  that  a  survey  should  not  be  nmde  upon  a  scale  smaller 
than  1-40000;  that  the  generalization  required  on  a  smaller  scale  is 
too  great  to  preserve  the  d(»gree  of  a<*curacy  that  should  be  attained  to 
make  the  survey  useful  for  the  general  pur] >oses  that  a  topographical 
survey  may  subs(»rve. 

To  describe  in  detail  the  different  methods  that  can  be  used  in  cover, 
ing  tlie  country  rapidly,  but  still  with  sufficient  fullness  to  render  all 
the  salient  features  recognizable,  woidd  involve  a  labor  too  gi*eat  to  be 
undertaken  by  this  Conference  or  any  individual  uihui  it.  There  are 
new  instruments  that  could  be  made  very  uscfnl  in  such  a  work;  that 
would  modify  to  some  extent  nu»thods  tliat  have  heretofore  been  used 
by  topographers.  But  unless  there  is  a  specific*-  statement  as  to  the 
degree  of  accuracy  tliat  shall  be  required,  and  the  detail  that  '^^Ci:ii^.>c5fe 
represented,  I  believe  to  draw  up  any  plan  for  such  surveyi^^fe"^^"^^ 
be  labor  thrown  away. 
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In  conclusion,  1  have  only  to  siiy  that  the  expert  topographer,  with 
ex}>erience  behind  him  in  making  t4)pographical  surveys  of  precision, 
is  ill  general  well  equipi)ed  to  undertake  rapid  and  inferior  work  when 
re<|uired.  But  I  do  not  wish  it  to  be  inferred  from  this  statement  that 
the  exi)ert  topographer  ia  necessarily  exjiert  in  tlie  execution  of  inferior 
work,  for,  besides  the  ability  to  niani})ulat<3  instruments  and  to  gra^p 
the  features  of  a  country,  a  long  experiencve  is  re<iaired  to  enable  him 
to  present  them  on  a  map  in  the  most  intelligible  forn);  and  therefore, 
when  we  wish  to  reduce  tlu»  cost  of  work,  I  believe  it  is  essential  we 
shoidd  consider  the  experience  of  the  men  who  may  be  detailed  to  exe- 
cute the  work  in  the  iidd. 

My  personal  experience  on  the  Coast  Survey  satisfies  me  that  to  pn>- 
duce  the  most  economical  results  we  recpiirc  a  school  of  topography. 
Young  men  who  may  be  selected  to  learn  this  class  of  work  should  be 
given  ample  opportunities  in  different  jiarties  on  ditlerent  sections  of 
the  coast  to  learn  the  individual  methods  of  the  moreexiierieuced  men. 
before  they  are  permitted  to  undertake  any  work  by  themselves. 


Supplement  L. 

rorml'la  for  computixo  diffkuknx'es  of  elevation— a  simple 
axd  puactical  fokml'la  for  the  comptftation,  without  the 
use  of  tables,  of  differences  of  elevation  correskwdixo 
to  given  distances  and  small  vertical  angles,  when  the 
same  unit  of  length  is  employed  for  distances  and  heights. 

[Hv  W.  C.  H(Mlgkin«.] 

As  is  well  known,  t4ie  empiiMcal  foruiula  for  the  computation  ol 
liei<?hts,  given  in  the  ('oast  and  Geodetic  Survey  treatise  on  the  plane 
t{i])le  is  base4  upon  the  use  of  the  metre  as  the  unit  otMistHuee,  an<l  of 
the  foot  Jis  the  unit  of  height.  It  is  therefore  not  applicable  to  the 
case  under  consideration. 

For  ordinary  purposes  the  iormula  for  the  ditierence  of  height  may 
be  stateil  with  sufllcient  accMu^icy  thus: 


/<  =  +  !).    t:m.+.(j^i;) 


where  /*  represents  the  ditterence  of  the  height,  D  the  distance,  a  the 
vertical  angle  and  e  a  constant  coeflicicnt  of  enrvatnre  and  infraction. 
if  now  we  call  the  number  of  minutes  in  the  angle  a  and  using  the  met- 
ric system  take  K  for  the  distance  in  kih)metres  we  have 

h=  [  I)  a  tan  T+c.  K* 
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The  timgentof  1'  is  0-0002909  or  ^'fj!|j?;  therefore 

/t=±  0-291  Ka+cK» 
,-.  /i=±  0-201  K  a+0-07  K» 

7         11 
c  may  be  taken  as=0-07.    Also,  0-291  very  nearly  equal  —  or  ^  —  -.-, 

thatis,J-.Jof -^. 

For  the  first  term,  therefore,  we  liave  the  following:  rule: 

Multiply  the  distance  in  kilometres  by. the  angle  in  minutes,  divide 
the  ijroduct  by  three,  aud  subtract  one-eighth  of  itself. 

The  same  result  would  be  obtained  by  taking  one-fourth  of  the  prod- 
uct and  then  adding  to  the  quotient  one-sixth  of  itself. 

For  the  second  term  multiply  the  square  of  the  distance  in  kilome- 
tres by  0-07. 

For  angles  from  zero  to  4^  the  decimal  coefficient  is  more  precise  than 
the  common  fraction,  but  the  latter  gives  sufficiently  close  results  at 
all  ordinary  distances,  with  angles  not  greater  than  Oo. 

With  larger  angles  it  should  be  used  with  caution,  and  only  for  short 
distances,  though  under  such  circumstances  the  errors  arising  from  its 
use  are  smaller  than  if  the  decimal  coefficient  were  used  and  are  less 
than  half  as  great  as  those  occurring  in  similar  use  of  the  old  formula  of 
the  "Treatise."  As  this  coefficient  o\-  is  larger  than  the  decimal  coef* 
ficient  0-291  by  about  4^^  \>*^^^  ^^  ^^^e  latter,  it  gives  for  small  angles 
results  which  are  larger  than  the  true  differences;  and  as  up  to  about 
30  the  tangents  of  angles  are  sensibly  proportional  to  the  angles,  this 
^  error  is  greatest  with  vertical  angles  of  about  3^,  when  it  amountij  to 
13  centimetres  per  kilometre. 

As  the  tangents  of  the  angles  above  3^  increase  more  rapidly  than 
the  angles,  the  error  arising  from  the  use  of  the  coefficient  4^  decreases 
as  the  angle  increases,  up  to  5^  1'  when  the  formula  is  exact  (for  all 
ordinary  purposes).  For  still  larger  angles,  the  t4ingents  rapidly  in- 
crease and  the  formula  gives  results  which  are  too  small  by  a  constantly 
increasing  ditference. 

Thus  at  00  this  error  is  10  centimetres  per  kilometre;  at  8^  it  is  54 
centimetres,  and  at  10^  109  per  kilometre.  With  this  Ijist  angle  (10^) 
the  deeimal  coefficient  gives  an  error  of  1-73'"  and  the  formula  of  the 
"Treatise'-  an  error  of  2*88"'  per  kilometre. 

Obviously  this  formula  applies  equally  well  with  any  unit  of  length, 

except  that  instead  of  K  we  should  use        ;  and  to  exhibit  the  details 

XUlHi 

of  the  operation  we  may  write  the  formula  thus : 

1    Da    / .     1  \  .   ...n^  /    D  \« 


*=±'    ''''   ('l-^  l+0-07(^    ^    Y 

3  1000  V      ^J         Vioooy 
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SrppLKMENT  M. 

A  TREATISE  ON  THE  WAONEU  TAi  MYMETER  AND  TACHYGRAPHOMETER 
ASMAIiE  ATTHE  MATHEMATICAL  INSTRUMENT  WORKS  OF  OTTO  FEN- 
NEL AT  CASSEL,  PRUSSIA,  WITH  AN  INTRODUCTORY  ESSAY  BY  J.  L. 
LIOKA. 

[Translated  fruiu  the  Geriiiau  liy  W.  C.  IIo<lgkiiiH,  C.  E.,  Assiataut,  U.  .S.  Coast  aud 

Oeoih^tir  Survey.] 

TRANSLATOR'S  PREFACE. 

The  following  pajifos  are  IranslattMl  from  a  pam])lilet  published  by 
the  makers  of  tliose  instriiiiieiits  uiulrr  the  title,  "  Die  Wagner- Feiuiel- 
'sohen  Tachymrt.M*  iicA  mathematis(^h-nie(*hanisrheii  Instituts  von  Otto 
Fennel  in  Cassel.  Cass<»l  1880,"  a  (*oj)y  of  whieh  was  kindly  loaned  ine 
by  Assistant  Edwin  Smith,  chief  of  the  Instrument  Division  of  the  Oftiee 
of  the  Coast  antl  (ieodetie  Survey. 

Tlie  translation  was  originally  made  during  the  sessions  of  the  Topo- 
grajdiieal  Conference  for  my  own  information  in  regard  to  these  instru- 
ments, the  special  feature  of  which,  the  Wagner  ''projection  appa- 
ratus," was  new  to  me,  as  1  think  it  must  be  to  many  engineers  in  this 
country. 

During  the  last  days  of  tlu*  C'onfercnce  its  niend)er8  luul  the  op]>or- 
tuuity  to  examine  personally  a  theodolite  tju'liymeter  of  the  alH>ve 
make.  1  was  much  interested  in  tlie  instrument,  which  ap])eared  very 
well  niiKle,  but  seemed  to  me  unnc<*essarily  heavy  and  cumbrons. 
Such  a  matter  of  detail  might,  however,  be  easily  remedied,  and  while  I 
was  forced  to  agree  with  the  opinion  of  the  other  members  of  the  Con- 
ference  that  in  its  present  form  it  is  not  adapted  to  the  ordinary  field 
work  of  the  Coast  and  (Jcodetic  Surv(\v,  1  am  convinced  that  it  would 
be  of  great  utility  in  surveys  to  be  plotted  on  large  scales  and  with 
much  att(Mition  to  detail.  I  am  inclined  to  think  that  the  form  of  instru- 
ment to  be  used  with  tlie  plane  table  (tlie  tachygraphometer)  would 
be  especially  useful  in  large-scah»  surveys,  as  in  its  use  the  elevations 
of  numerous  j^oints  could  be  rajndly  (k*termincd  without  the  use  of  a 
separate  leveling  instrument  and  contours  of  any  desired  interval  could 
then  be  interiiolated,  while  on  the  ground,  with  great  precision  and 
facility  and  without  the  danger  of  omitting  details  of  form,  to  which  sur- 
veys plotted  in  the  oirM'c  are  liable. 

In  revising  the  pap(T  tor  the  record,  in  accordance  with  the  request 
of  the  Conference,  1  have  i)mitted  those  s<»ctions  which  contain  the 
detailed  direc^tions  for  adjustingthe  various  tbrmsof  these  instruiiieuts 
and  have  changed  the  se<pience  of  others,  so  that  sections  'Xi  aud  34, 
which  in  the  original  appear  as  a  supplement,  immexliately  follow  the 
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general  discussion  of  the.  theory  of  the  instrument.     I  have  also  omit 
ted  the  lett^MS  of  (•onnnendation,  of  which  a  <;onsiderable  number  an^ 
given,  and  which  attest  the  high  estimation  iu  which  these  instruments 
are  held  by  many  European  engineers, 

W.  O.  H. 

Wash  lis  aTON,  ApriU  1S02. 


A  REVIEW  OF  THE  TACHYMKTKR  AND  TACHVMETRY. 
[By  J.  L.  Licka,  Eugineer  at  (.'jissol-Wehnu'idrii.  J 

The  jxreat  attention  devot-ed  in  recent  times  to  the  tiwliymeter  and 
tachymetry  should  justify  this  attemi)t  at  a  concise  but  <!omprehen- 
sive  description  of  the  instruments  aiul  methods  employed,  a  ta.sk 
undertaken  by  the  author  at  the  request  of  the  publishers  of  the 
.following  treatises  and  carried  out  with  the  single  piupose  of  systema- 
tizing our  views  on  this  subject. 

In  recent  years,  we  denote  by  the  name  "tachymetry'' that  met  h(Ml  of 
surveying  whi(;h  permits  us  to  obtain  the  data,  as  to  position  and  ele- 
vation, necessary  for  the  determination  of  a  point  on  the  surface  of  the 
earth,  by  a  single  pointing  upon  the  telemeter  hehl  at  a  desired  point. 

In  this  work  the  requirements  are,  rapid  and  sufticiently  accurate 
measurement,  accomplished  with  the  least  possible  cost  rather  than 
with  the  most  extreme  i>recision. 

These  views  are  ai)plicable,  for  example,  in  the  preparation  of  gen- 
eral or  special  projects  for  the  construirtion  of  roads,  railroa^ls  and 
canals,  or  iu  working  out  plans  in  the  domain  of  agriculture,  iis  in  the 
improvement  of  land,  in  joining  detached  pieces  of  ground,  in  the  sci- 
entitic  management  and  utilization  of  forests,  etc.  Tachymeti'TS  and 
tachymetry,  therefore,  early  attraeted  the  attention  of  military  and  rail- 
road authorities,  who  require  surveys  over  large  areas.  For  example, 
it  should  be  noted  that  the  tachymeter  with  anallatic  telescope,  invented 
by  the  engineer  Porro  at  Milan  in  the  year  1823,  and  called  "cleps- 
cykel"  or  "cleps,''  was  employed  in  1835  in  topographical  surveys  by 
the  Piedmontese  general  stafif. 

The  French  engineer  Moinot,  in  the  year  1805,  skilfully  utilized 
Porro's  distance  measure  in  the  construction  of  an  instrument  adapted 
to  surveys,  the  tachymeter  theodolite,  furnished  with  a  compass  and 
with  a  vertical  circle  divided  according  to  zenith  dist^ances;  but  he 
chietiy  furnished  methods  for  conducting  the  work  of  surveys,  compu- 
tiitions  and  mapping,  which  are  to  be  considered  standard,  and  which 
serve  in  great  part  as  foundations  for  the  further  development  of 
tachymetry. 

Moinot's  method,  introduced  into  Austria  in  1870  by  the  eu^witwt 
Heuser,  was  employed  there  with  great  success  in  extensive    ^^S^- 
eation  of  very  broken  country.    Since  then,  tachymetry  luu&  "i 
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especial  attention  in  Austria,  particularly  in  the  p:cnera1  office  of  Aus- 
trian railways  at  Vienna.  Engineers,  professorK,  and  meelianicians 
com))ete  in  the  eoiistruction  of  new  InstrumentH,  iu  the  improvement 
and  elucidation  of  tachymetric  surveying  methods;  all  sei*.kto  put  the 
engineer  in  a  position  to  obtain  Lin  horizontal  and  vertical  niesisure- 
ments  in  the  shortest  priu-ti(.'able  time.  In  North  Germany  it  is  con- 
ceded that  Moinof  H  method  and  tachymetry  in  general  have  fcmiid  no 
greater  employment  than  wlu»n  about  1S67  or  1808  a  tiU'liymeter  was 
constnicled  by  the  engineer  ('arl  Wagner,  at  that  time  in  Wiesbaden, 
which  seemed  bett^^r  adapted  than  other  instruments  for  solving  the 
familiar  problems  of  tachymetry  with  the  Iciist  expenditure  of  time 
and  money;  for  most  of  the  instruments  made  sin<re  1871,  the  sole  con- 
trol of  which  for  Germany  had  been  transferred  by  the  inventor  to  the 
mathematical  instrument  works  of  Otto  Fennel  at  Cassel,  were  fur- 
nished to  other  countries,  Turkey,  Bulgaria,  lioumania,  etc.,  where 
they  were  used  with  the  best  results  in  studies  for  railroad  locations. 
To  the  circumstance  that  since  1870,  extensive  preliminary  works  for 
railroads  have  every  year  become  less  freciuent  in  North  Germany,  we 
may  well  attribute  the  fact  that  the  above-mentioned  tachymeter  was 
less  known  than  its  sini])h*  nuinii)ulation  and  advantageous  perform- 
ance of  work  would  lead  us  to  exjxM't.  More  recently,  a  change  for  the 
better  is  undoubtedly  noticeable,  magistrat<5s  and  technicians  eng*aged 
in  the  various  fields  of  road  building,  <if  land  improvement,  and  of  for- 
estry devoting  to  these  instruments  the  attenticm  they  so  well  deserve, 
as  is  shown  by  the  numerous  testimonials  to  their  capabilities. 

In  order  to  make  i)erfectly  clear  the  superiority  and  utility  of  the 
Wagner-Fennel  instruments,  we  must  state  in  the  first  place,  at  least 
in  general  outline,  the  characteristics  of  the  instruments  heretofore 
used.  We  shall  consider  only  the  most  widely-used  forms,  whose 
optical  distance-measures  have  wires  of  constant  interval,  and  shall 
pass  over  those  instruments  more  rarely  used,  in  which  the  distance  on 
the  slope  is  determined  by  any  other  means.  As  already  stilted,  the 
problem  of  tachymetry  consists  in  determining  in  position  and  eleva- 
tion, from  certain  stations,  those  ]K)ints  of  the  surface  whose  location 
seems  desirable,  by  simply  sighting  upon  the  telemeter  held  at  the 
desired  points.  The  necessary  data  for  this  determination  comprise  the 
oi)tical  measurement  of  the  inclined  line  of  sight,  and  the  m(^suivment 
of  a  vertical  and  of  a  horizontal  angle,  which  requirements  are  fulfilled 
in  one  way  or  another  in  every  form  of  tachymeter.  If,  at  first,  we 
neglect  the  consideration  of  horizontal  angles,  which  nuiy  be  deter- 
mined in  three  different  ways,  by  theodolite,  compass,  or  plane  table* 
tachymeters  may  be  classified  as  follows,  acrording  to  the  means  used 
for  determining  the  reduced  horizontal  distance  and  the  relative  or 
absolute  height. 

(1)  Those  instruments  wlii<!h,  by  optical  distance  measures  and  verti- 
cal circles,  furnish  simply  the  data  of  inclined  distances  and  vertical 
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angles,  from  wliich  the  horizontal  distance  of  the  foot  of  the  rod  from 
the  center  of  the  station  and  the  relative  height  of  the  observed  point 
from  the  horizon  of  the  instrument  are  compnted  in  oneway  or  another. 

(2)  Those  instruments  in  the  use  of  which  the  length  of  the  inclined 
line  or  sight  measured  by  the  distan<;e  wires  of  the  telescope  is  con- 
verted at  once  iut^  horizontal  distance  and  relative  or  absolute  height, 
by  mechanical  arrangements  upon  the  surveying  instrument,  the  so- 
called  **  projection  apparatus.'^ 

As  the  characteristic  feature  of  ea<*.h  of  these  classes — the  vertical 
circle,  and  the  projection  a])paratus — may  be  combined  with  tlic  varicms 
instruments  used  for  measuring  horizontal  angles,  as  the  theodolite, 
the  compass,  and  the  i)lane  tabic,  six  different  instruments  are  ])ossible 
under  the  two  principal  classes  mentiimed.  Of  these  six  instruments, 
the  simple  conjpasses  and  the  plane  tables  are  of  subordinate  value  for 
measuring  hoi  izontal  angles.  The  object  of  the  survey  will,  in  general, 
determine  their  use.  The  addition  of  sensitive  compass  needles  to  the 
theodolite  and  plane-table  tachymeters  will  often  be  very  convenient, 
for  reasons  which  will  l:)e  mentioned  later.  And  therefore  we  need  give 
no  further  separate  consideration  to  compass  instruments;  because 
all  that  can  be  said  of  the  theodolite  taehymeter  also  finds  its  appro- 
priate application  to  them. 

There  remain  tluMefore  to  be  discussed  of  the  two  categories  of 
instruments  above  mentioned,  (with  vertical  circles  and  with  projection 
apparatus,)  those  which  determine  horizontal  angles  by  the  divided 
circle  (theodolites)  and  those  which  rei>resent  them  graphically  (plane 
tables), 

I,  TACHY31ETKUS  WITH  ViORTK^AL   CIRIJLKS. 

The  first  subdivision  of  this  group  is  represented  by  an  instrument 
which  will  be  designated  simply  as  the  taehymeter  theodolite,  and 
which,  besides  the  usual  arrangements  for  measuring  horizontal  and 
vertical  angles,  has  a  distance  measuring  telescoj^e.  The  observations 
which  are  made  in  the  field  on  instruments  of  this  class,  for  the  deter- 
mination of  points  to  be  lo<rated,  give  the  distance  on  the  slope  and  the 
horizontal  and  verti<*al  angle,  not  (tounting  as  a  separate  observation 
the  space  subtended  on  the  telemeter,  from  which  the  inclined  dis- 
tance is  determined. 

From  these  data  the  azimuth  of  the  desired  point  is  first  determined, 
then  the  reduced  distance  and  the  relative  height  from  the  point  of  ob- 
servation, as  already  mentioned,  by  computation  or  in  any  other  way. 
It  can  not  be  denied  that  these  preliminary  computations  or  mechani- 
cal ojMsrations,  as  the  case  may  be,  even  if  <*.onduct<ed  by  experienced 
workmen,  recjuire  considerable  time  and  that  the  danger  of  iu\2ts>^s»si>- 
ing  errors  of  computation,  over  which  we  have  no  control,  is  pro\?^^*^^^ 
ately  great. 
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For  plotting;::  the  poiiitsof  detail  determined  by  taehymeter,  the  seiiii- 
eircnlar  i)r(>tra(tx)r  proposed  ])y  Torro  is  iiiowt  eonvenient.  It  diflers 
from  the  usual  form  iu  baviiiji:  the  {graduation  numbered  from  right  to 
left,  and  in  having  upon  the  zero  line  a  scale  of  distances,  which  renders 
it  possible  to  lay  down  at  once,  according  t-o  s<*ale,  the  points  of  detail, 
without  using  the  compasses  or  marking  the  directions  with  lead  i>eiicil. 

The  above  described  operations,  which  refer  to  detailed  surveys  with 
the  theodolite  t^ichymeter,  are  also  appb'cable,  with  some  alterations, 
to  surveys  with  the  plane  table  and  telemetric  alidade. 

In  this  case,  with  respect  to  the  special  manner  of  work  with  the 
plane  table,  i,  e.,  the  grajdiical  delineation  of  horizontal  angles,  the  prcKj- 
ei^s  of  surveying  undoubtedly  sliaj>es  itself  in  a  somewhat  different 
manner  than  before,  since  the  geometric  picture  of  the  surface  to  be 
surveyed  is  developed  at  once.  In  this  case  the  line  to  the  desired  [>oint 
is  first  drawn,  then  the  dist^uiceon  the  slope  is  read  from  the  telemeter, 
and  finally  the  angle  of  elevation  as  before.  Now  it  is  absolutely  nec- 
essary, for  the  tiichymetric  determination  of  a  point,  to  compute  at  once 
in  the  field,  or  to  determine  by  one  of  the  methods  suggested,  at  h^ast 
the  reduced  distanc^e,  iu  order  io  be  able  to  plot  it  upon  the  sjwt  by 
compass  and  scale  on  the  line  drawn  in  the  dire<Jtion  of  the  geometri- 
cal position  of  the  point.  It  is  also  sometimes  necessary  to  ascertain 
at  the  same  time  the  relative  heights  of  the  observed  points  com- 
pared to  that  of  the  station,  to  compute  the  absolute  height  of  the 
station,  and  to  mark  these  at  the  geometrical  i>ositions  on  the 
map.  Since  the  points  surveyed  are  shown  at  once  upon  the  plane 
table  in  correct  position,  this  nu»thod  has  the  great  juivantage  over 
the  use  of  the  theodolite,  as  regards  distribution  of  points,  that  dur- 
ing the  work  itself  one  obtains  a  clear  idea  of  the  surface  to  be  sur- 
veyed and  is  unlikely  to  determine  either  too  many  or  too  few  points. 
The  cost  of  plane-table  surveys  will  also,  according  to  actual  experience, 
prove  lower  than  that  of  theodolite  surveys.  Therefore,  whether  con- 
sidered from  a  theoretical  or  an  economical  standpoint,  the  plane  table 
has  advjintages  over  the  theodolite  for  tachymetric  work.  Only  the 
fact  that  the  theodolite  gives  the  records  of  measurements  in  figures, 
which  permits  at  any  time  a  new  drawing  of  the  survey  on  any  desired 
scale,  while  the  results  of  plane-table  oi^erations,  upon  the  perishable 
drawing  paper,  which  is  also  much  affected  by  the  weather,  are  re- 
stricted to  one  determined  scale,  is  in  general  to  be  advanced  in  favor 
of  the  theodolite  in  tachymetry.  The  theodolite  has  also  material  ad- 
vantages over  the  plane  table  in  regard  to  transportation,  setting  in 
j)08ition,  and  the  work  at  the  station  itself;  that  is,  a«  comi)ared  with 
the  older  forms  of  ])lane  tables  and  alidades  formerly  used  for  cadastral 
surveys. 

But  the  plane  table  taehymeter  appears  in  a  much  more  favorable 
light,  if  instead  of  the  old  form  of  alidade  we  use,  for  example,  an  ali- 
dade x>rovided  with  the  Wagner  projection  apparatus  shortly  to  be  de- 
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RfTibexl.  When  so  equipped,  plane-table  taehymeters  deserve  full  con- 
sidemtion,  and  will  eventually  supplant  theodolite  tachymeters  in  those 
cases  where  the  object  is  to  make  surveys  with  little  expense  and  a 
sufficient  ai)proximation  to  accuracy,  and  in  surveys  of  a  to]>ographical 
character,  where  the  object  of  the  survey  is  satisfactorily  attained  in 
the  production  of  the  map  itself. 

II.   TACHYMETERS  WITH  PROJECTION  APPARATUS. 

In  these  instruments  also  we  distinguish  two  varieties  according:  as 
they  express  horizontal  angles  in  angular  measure  or  by  graphical 
delineation.  Although  diiferent  kinds  of  such  instruments  with  pro- 
jection apparatus  have  appeared,  only  the  Wagner-Fennel  tachymeti^rs 
and  tachygraphometers,  as  the  best  constructed,  have  succeeded  in  se- 
curing extensive  use.  As  already  stated,  both  forms  of  the  instrument 
are  so  an  anged  that  the  horizontal  distance  and  absolute  height  of  the 
point  to  be  determined  are  read  directly  from  the  instrument,  after  the 
simple  pointing  and  certain  intermediate  manipulation,  without  moving 
the  telesco])e  and  without  any  computation;  while  in  the  plane-table 
form  (the  tachygraphometer),  the  horizontal  projection  of  the  observetl 
point  is  plotted  in  correct  i)osition  on  the  plan  by  pressing  an  auto- 
matic needle  arrangement. 

The  first  of  these  instruments,  the  Wagner-Fennel  tachymeter-the- 
odolite — or,  briefly,  tachymeter — is  a  universal  instrument  in  the  true 
sense  of  the  word,  and  maybe  advantageously  used  for  tachymetric 
surveys,  for  minor  triangulation,  or  for  leveling. 

In  tiuihynjctric  detailed  surveys  with  this  instrument,  four  quanti- 
ties are  observed  for  the  determination  of  each  point,  viz,  the  distance 
on  the  slope  and,  afrer  the  process  of  i)rojection,  the  reduced  or  hori- 
zontal distance,  then  the  absolute  height,  and  finally  the  azimuth 
angle.  The  manipulation  of  the  instrument  in  the  field  work  is  very 
simple  and,  after  a  certain  amount  of  practi(*e,  procee<is  very  rapidly. 
The  instrument  is  adjusted  over  the  occupied  station  and  the  absolute 
height  <5f  the  latter  is  set  upon  the  scale  of  heights. 

The  determination  of  separate  points  from  each  station  then  pro- 
ceeds as  follows.  The  rodman  sets  the  telemeter  at  the  desired  point, 
the  observer  at  the  instrument  brings  the  middle  wire  iq)on  the  zero 
point  of  the  rod,  reads  the  si)ace  on  the  rod  intercepted  between  the 
distance  wires  of  the  eyepiece,  and  records  in  his  notebook  the  corre- 
sponding inclined  distance.  Then  he  sets  off  this  inclined  distance 
upon  the  rule  ])arallel  to  the  line  of  sight,  pushes  the  projection  angle 
against  the  vernier  of  heights,  and  from  the  Latter  reads  the  absolute 
height  and  from  the  horizontal  rule  the  reduced  distance  of  the 
observe<l  ])oint. 

Finally,  the  horizontal  angle  is  read  off,  in  which  one  ciin  ^<^v\ftx•ii^c^ 
limit  himself  to  one  vernier  and  to  reading  whole  minutes.     ^^N^s^^^*^^- 

H.  Ex.  43,  pt.  i 46 
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iiig  of  the  four  quantities,  the  iurJincd  aiul  the  horizontal  distances, 
the  height,  and  the  azimuth  take  u[)  about  a  minute  and  a  half,  or  at 
the  most  two  minutcA  of  time,  if  the  observer  at  the  same  time  under- 
takes the  necessary  settings  and  the  record  of  the  results  of  the  meas- 
urements and  if  only  one  rod  is  used. 

The  performance  of  work  can,  liowever,  in  projwrtion  to  experience, 
be  materially  increased  if  two  observers  work  with  one  instniment 
and  attlie  same  time  emph)y  two  rodinen.  In  consequence  of  this,  the 
engineer  conducting  tiie  sketching,  who  thoroughly  understands  at  the 
same  time  the  management  of  the  survey,  must  develop  a  correspond- 
ingly high  production  of  work  if  desirable  results  are  to  l>e  obtained 
from  all  persons  employed. 

From  the  preceding  remarks  it  ought  not  to  be  difficult  to  draw  the 
conclusion  that  the  Wagner-Fennel  tachymet-er-the<Klolit«  is  superior 
to  the  ordinary  instruments  of  its  <rlass,  and  we  believe  our  views  will 
be  supported  by  the  unanimous  oi)inions  of  all  those  who  have  made 
extensive  surveys  with  both  kinds  of  instruments.  As  reganls  the 
second  characteristic  instrument  of  this  class,  the  Wagner-Fennel 
tachygraphometer,  we  can  make  a  brief  refei'once  to  what  has  already 
been  said,  and  enter  into  an  account  of  the  insti*ument  alluded  to  only 
so  far  as  necessary  for  the  comprehensive  description  of  the  tai'hy- 
mcter.  All  necessary  explanations  in  regard  to  setting  up  this  instru- 
ment will  be  found  in  §  25  of  the  following  treatisis. 

The  survey  itself  is  conducted  in  the  same  way  as  with  the  theodolite- 
tachymeter,  except  that  the  horizontal  distance  of  the  observed  ]>oiiit 
is  not  lirst  read  off,  but  is  i)lotted  directly  upon  the  plane-table  sheet 
by  an  automatic  attachment  with  movable  needle,  and  in  true  rela- 
tive position,  according  to  scale.  At  the  geometrical  position  of  the 
point  thus  obtained  we  mark  its  absolute  lieight,  read  directly  from  the 
instrument. 

As  regards  rapidity  of  work,  the  tachygraphometer  even  surpasses 
the  theodolite  with  projecrtion  api>aratus,  for  according  to  the  state- 
ments of  a  i>rof(»ssional  man  <*.ertainly  in  this  res|)ect  most  not-eworthy, 
the  inventor  himself  (Carl  Wagner,  '*Ueber  die  Hilfsmittel  der  Tacby- 
metrie,  insbesondere  iiber  die  Vorziige  der  schiefen  Lattenstellung." 
Zeitschr.  f.  Verm.,  Bd.  xv..  Heft  14  u.  l.")),  the  tield  work  with  the  tachy- 
graphometer takes  no  longer  and,  all  things  considered,  less  time  than 
with  the  theodolite  or  with  any  other  instrument  adapted  to  tachy- 
metric  surveys,  since  with  tlie  tachygrai)hometer  we  obtain  the  reduc- 
tion of  the  inclined  distance  as  well  as  the  ph)tting  of  the  desired  point, 
directly,  as  an  immediate  result. 

III.   TACnVMETRIC  SURVEYS. 

With  spei'ial  refcren<*.e  to  tachy  metric  surveys,  we  need  not,  in  con- 
sidering the  numerous  nionograjihs,  articles  in  periodicals,  and  band- 
books  of  surveying,  pursue  tlie  subject  further  tluin  appears  desirable 
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for  explaining  the  manipulation  and  advantageous  use  of  tlie  Wagner- 
Fennel  instruments.  For  fiirther  information  we  may  chit^.fly  refer  to 
the  excellent  general  account  in  Jordan's  Handbuch  der  Vermessungs- 
kundCt  Stuttgart,  1877,  Bd.  i,  S.  626  ff.,  which  we  here  for  the  most 
}iart  follow  in  essential  points. 

The  field  work  of  tachyinetry  consists,  as  already  stated,  in  determin- 
ing, by  measurements  of  distance,  azimuth,  and  height,  the  points 
desirable  for  the  actual  object  of  the  survey  from  certain  other  points 
which  serve  as  stations  for  the  tachymeter. 

To  determine  the  i>ositions  and  altitudes  of  the  tachymeter  stations 
we  may  employ  any  of  the  exa<^t  methods  of  horizontal  and  vertical 
measurement,  as  triangulation,  in  connection  with  trigonometric  level- 
ing, or  the  regular  system  of  traversing  in  polygons  in  conne<;tion  with 
spirit  leveling,  or  we  may  simply  connect  the  single  stations  with  each 
other  by  tachymeter. 

These  are  in  general  the  extreme  methods,  which,  however,  may  be 
combined  in  various  ways  so  that,  according  to  the  greater  or  less  [)ains 
taken  in  the  accjurate  determination  of  the  stations,  a  correspondingly 
different  degree  of  precision  will  be  attained  in  the  elements  determin- 
ing their  position  and  height. 

A  scheme  of  minor  triangles,  with  simultaneous  trigonometric  level- 
ing, cannot  always  be  laid  out,  especially  in  extended  forests,  with 
figures  sufficiently  small  to  furnish  in  this  way  all  necessary  stations 
for  the  tachymeter;  one  is  often  compelled  to  layout  a  string  of  main 
figures  and  others  of  subordinate  importance,  in  order  thereby  to  first 
obtain  princijial  stations  with  which  other  approximate  stations  may 
be  connected  by  tachymeter.  Whether,  in  such  a  series  or  main  scheme, 
the  relative  heights  should  be  determined  by  level  or  by  vertical  angles 
depends  chiefly  upon  the  amount  of  the  relative  differences  of  height 
between  the  stations  directtly  connected;  in  flat  or  rolling  country 
leveling  is  advisable  on  account  of  its  exactness,  bui.  in  mountainous 
regions,  with  constant  changing  of  instrument  and  short  sights,  level- 
ing no  longer  commends  itself,  and  we  then  measure  the  vertical  angles 
for  all  the  lines  (preferably  in  both  directions),  at  the  same  time  with 
the  measurement  of  horizontal  angles. 

The  principal  differences  of  height  are  best  computed  exactly,  by 
logarithms, in  connection  with  the  computation  of  the  coordinates  of 
the  points  of  the  polygons,  and  the  possible  errors  of  closing  are  dis- 
tributed in  the  connected  series  on  both  sides  in  proportion  to  the 
lengths  of  lines.  In  st^ep  mountainous  c<mntry,  one  is  frecpiently  com- 
I)elled  to  run  out  the  traverses  of  the  sides  of  the  polygons  witii  the 
tachymeter. 

A  series  of  polygons  with  leveled  stations  commends  itself,  then,  for 
the  tachymetric  survey  of  the  ground,  if  it  is  a  <iuestiou  of  tVvs^  '^^xs.x^^ 
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of  a  atrip  of  country  from  300  to  500  metres  wide  for  laying  out  a  rail- 
road, a  road,  or  a  canal. 

In  this  case,  nsin^  a  general  preliminary  outline  prepared  upon  the 
basis  of  previous  topographic  maps  and  careful  reconnaisaancen,  we 
trace  out  in  the  field  a  series  of  polygons  (primary  series,  called  also 
basis  of  operations)  lying  near  the  most  probable  location.  Since  we 
can  read  from  the  separate  stations  up  to  300  metres  distance  with  the 
telemeter  the  single  stations  of  the  series  may  be  as  much  as  600  metres 
apart,  which  would  be  perfectly  practicable  and  useful  in  entirely  flat 
country,  but  in  the  mountains  the  mean  distance  between  any  two 
stations  must  generally  be  much  smaller;  distances  of  from  200  to  400 
metres  should  be  the  rule  under  mean  conditions. 

The  scale  divisions  of  the  Wagner-Fennel  instruments  are  arranged 
for  distances  up  to  200  metres,  with  the  assumed  scale  of  1-1000,  which 
does  not,  however,  prevent  working  at  greater  distances,  though  it 
appears  inexpedient  to  do  so. 

The  different  stations  of  the  series  of  polygons  are  of  course  so 
selected  that  one  can  see  from  any  one  of  them  the  preceding  and  fol- 
lowing stations  and  can  on  all  sides  overlook  as  much  as  possible  of  the 
strip  of  country  to  be  surveyed. 

After  the  selection  and  careful  marking  of  the  principal  points,  the 
lines  are  measured  in  both  directions  of  the  series  and  the  horizontal 
angles  at  least  twice  in  each  iK)8ition  of  the  telescope;  then  the  entire 
series  is  twice  leveled,  and  from  these  observations  the  coordinates  and 
heights  of  the  separate  stations  of  tlie  chain  are  computed. 

If  we  obtain  the  horizonal  orientation  by  a  simple  traverse,  sight- 
ing  on  the  last  station,  we  do  not  use  the  compass,  strictly  speaking, 
at  all,  but  we  can  employ  it  for  reiuliug  off  the  approximate  azimuth, 
which  is  of  material  advantage  for  a  general  check  on  the  plotting. 
For  the  purposes  of  the  detailed  survey,  field  sketching  sheets  are  pre- 
pared, showing  the  series  of  polygons  plotted  in  the  usual  way  by 
rectangular  coordinates;  then  the  detailed  survey  can  proceed  upon  a 
secure  foundation  by  means  of  the  simple  tachymeter  and  without 
further  difficulty. 

Konedoes  not  in  the  first  place  systematically  determine  and  mark 
the  primary  stations,  but  merely  connects  the  different  stations  with 
each  other  ta<».hymetrically,  generally  without  marking  them,  one  should 
at  all  events  measure  all  the  <'oiiiiections  between  every  two  points  in 
distance,  azimuth,  and  height,  reciprocally  in  both  directions,  and  thus 
obtain  a  control  in  the  field,  so  as  not  to  run  the  risk  that  through  an 
error  in  the  conne<'tion  of  two  stations  all  the  work  which  is  done  at 
one  or  more  stations  should  be  lost.  The  series  of  polygons  which  con- 
nects the  stations  should  not  be  left  unchecked.  Such  a  series  not 
selected  in  the  })eginning,  and  hence  not  commonly  marked,  should 
therefore,  at  all  events  at  the  end  of  the  work  be  verified  by  separate 
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measaremeDt  (for  example,  by  the  three  point  problem  or  back  iutcr- 
sections  from  at  least  two  compass  bearings). 

As  ooncerns  the  survey  of  details,  the  most  important  points  have 
already  been  discussed  in  connection  with  the  use  and  manipulation  of 
the  tachymeters  in  question. 

The  selection  and  the  number  of  points  to  be  determined  will  vary 
with  the  character  of  the  country  and  the  degree  of  precision  required, 
which  in  turn  is  governed  by  the  object  of  the  survey. 

With  regard  to  the  plotting  of  tachy metrically  determined  points, 
and  also  the  further  elaboration  of  tachmetric  surveying,  which  is  all 
conducted  in  the  same  way  as  in  the  use  of  an  ordinary  theodolite 
(engineer's  transit),  the  following  works  may  be  referred  to: 

Jordan,  Handbuch  der  Vermessungskunde,  Band  i.    Stuttgart,  1877. 

Werner,  Die  Tacheometrie  und  deren  Anwendung  zu  Tracestudien. 
Wien,  1883. 

Heusinger  von  Waldegg,  Handbuch  der  Ingenieur-Wissenschaften, 
Band  i.    Leipzig,  1883. 

Hartner-Wastler,  Handbuch  der  niederen  Geodesic.    Wien,  1885. 

With  regard  to  the  precision  of  optical  measurement  of  distances, 
the  following  is  also  well  worthy  of  attention: 

R.  Wagner,  Ueber  die  mit  dem  Reichenbach'schen  Distanzmesser 
erreichbare  Genauigkeit  und  einige  Erorterungen  uber  die  Felilerur- 
sachen  desselben.  Zeitschrift  liir  Vermessungswesen,  Band  XV.  Heft 
a,  4,  5.     Stuttgart,  1886. 

mTRODTJCTION. 

With  the  instruments  commonly  used  in  tachymetric  work — theodo- 
lites with  telescopes  arranged  for  measuring  distances  and  with  verti- 
cal circles  for  determining  heights — it  is  necessary  to  compute  the  coor- 
dinates of  the  i>oint  at  which  the  rod  is  held  from  the  distance  on  the 
slope,  obtained  from  the  space  subtended  on  the  rod. 

The  instruments  hereafter  described  aim  at  a  saving  of  these  time- 
consuming  computations  by  giving  a  direct  reading  from  the  instru- 
ment of  the  coordinates  of  the  point  observed  upon. 

The  length  of  the  inclined  Une  of  sight  is  measured  by  means  of  the 
distance  wires  of  the  eyepiece,  and  then  the  horizontal  distance  from 
the  center  of  the  station  to  the  foot  of  the  rod  and  the  absolute  eleva- 
tion of  the  same  above  sea  level  are  read  from  the  instrument,  without 
any  computation;  or  in  a  similar  way,  when  using  the  plane-table  form 
of  the  instrument,  the  horizontal  projection  of  the  observed  poiut  is 
pricked  upon  the  drawing  in  its  correct  position  by  pressing  down  a 
needle  suitably  arranged. 

Thus  in  tachymetric  work,  horizontal  angles  may  be  measured  in 
three  diflerent  ways — ^by  theodolite,  by  compiiss,  by  the  plane  \J3s^^^^^ — 
and  hence  three  difi'erent  constructions  of  this  tachynieter  are  ^^<^'<^>^**^' 
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Tlie  same  chanu^tf^ristir,  tlio  Wa^jfiuM*  projecting  apparatiiR,  is  com- 
mon to  all,  and,  thereton*,  in  the  following  pages  the  description  and 
theory  of  this  projecting  apparatus  are  first  given. 

THE  PROJECTING  APPARATUS,  ITS  THEORY  AND  MANNER  OF  USE. 

Section  1.  To  the  telescope  of  the  tachymeter,  which  is  provided 
with  distance  wires,  a  rule  A  A  (illustration  No.  3:i),  bearing  a  scale  of 
distances,  is  attached  by  two  arms,  one.  of  which  is  tixed  to  the  axis  of 
the  telescope  outside  of  the  bearing  and  the  other  near  the  objei*tive 
and  so  that  the  straight  upper  edge  and  the  face  of  the  rule  are  parallel 
to  the  vertical  plane  in  which  the  telescope  moves  in  altitude,  lu  any 
position  of  the  telescope  the  upi>er  edge  of  the  rule  has  exactly  the 
inclinatitm  and  direction  of  the  line  of  sight.  Upon  this  rule  moves  a 
slide  Sj  held  in  jdace  by  an  automatic  spring  clamp,  and  carrying  two 
verniers.  The  upper  vernier  a  serves  for  reading  from  the  scale  of 
heights  DE  of  the  i)rojection  angle,  when  the  latter  is  pushed  agaiust 
the  contact  edge  of  the  vernier.  But  in  order  to  be  able  to  do  this 
with  any  inclination  of  the  rule,  the  vernier  a  is  capable  of  rotating 
on  an  axis  which,  as  is  easily  ])roved,  must  lie  exactly  in  the  contact 
edge.  Therefore,  in  any  inclined  position  of  the  rule  the  vernier  a  may 
be  made  parallel  to  the  scale  of  heights;  that  is,  vertical.  The  lower 
vernier  b  remains  f^ist  to  the  slide  and  is  used  for  the  exact  setting  of 
the  inclined  distances,  in  reduced  scale,  upon  the  rule.  If  the  zero 
point  of  this  vernier  be  set  at  the  zero  ])oint  of  the  scale,  the  axis  of 
rotation  of  the  vernier  a  lies  in  the  prolongation  of  the  axis  of  rotation 
of  the  telescope.*  Therefore  in  any  other  position  of  the  slide,  the 
interval  at  right  angles  between  the  two  axes  may  be  read  from  the 
scale,  or,  conversely,  any  desired  value  may  Ix*  given  t^^  this  int<?>rval 
by  setting  the  slide. 

Sec.  2.  Nearly  i)erpendicularly  below  the  rule  just  described  is  a 
second  rule  BB,  also  provided  with  a  scale  of  distances  and  so  attached 
that  its  face  is  parallel  to  that  of  the  upper  rule  and  that  its  upper  edge 
remains  horizontal.  Upon  this  upper  edge,  which  is  always  horizont4il 
when  the  instrument  is  In  use,  is  placed  a  movable  right  angle  C1)E^ 
upon  the  vertical  e<lgo  of  which  is  a  scale  for  rea<ling  heights,  which 
scale  can  be  moved  vertically  about  1*5  centimetres,  by  the  micrometer 
screw  E,  In  any  given  position  of  the  right  angle,  this  scale  of  heights 
is  in  the  sanie  vertical  plane  as  the  vernier  a.  The  numerical  values 
for  this  scale  are  written  with  lead  i>cncil  for  every  10  units  u|Nm  a 
small  strip  of  ivory,  and  when  the  height  of  the  st^ition  is  changed  are 
easily  erased  and  rejjlaced  by  others.  Thus  the  same  result  is  attaiuetl 
as  by  a  great  motion  of  the  scale  itself,  while  the  exact  setting  to  single 


Ik 


•As  will  later  be  sliowii  in  sec^tiou  (J,  the  position  of  the  vernier  6  ia  aotually 
slightly  dit!*erent.  Xevertheless  in  sections  3  unci  4  the  above  statement  is  retained 
lor  the  sake  of  simplicity. 
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nnits  iiii<l  IrACfioiis  is  accomplialted  by  ineaits  of  the  micrometer  screw 
E  and  the  vernier  ri.  For  esiiinple,  if  the  scale  is  to  be  set  for  a  given 
elevatioti  of  237-40,  we  mark  one  of  the  even  tens  nearest  to  tbe  zero  of 
tlie  vernier  A  230  (Fig.  a),  and  then  by  the  screw  E  move  the  whole 
scale  until  the  vernier  reads  7-40  nnits,  in  addition.  With  the  telescope 
horizontal,  both  verniers,  d  and  a,  then  give  the  same  Iieight,  237-4U 
(Fig.fc). 


In  order  to  facilitate  the  sliding  motion  of  the  projtMrtioii  aogle,  the 
ends  of  its  lower  surface  (J  I)  are  supported  on  friction  rollers.  Then  at 
lis  an  automatic  spring  clamp  by  which  the  projection  angle  is  held 
fast  in  any  position,  and  finally  at  c  is  a  vernier  which  serves  for  read- 
ing the  reduced  horizontal  distances.  When  this  last  vernier  is  set  at 
zeioou  the  scale  /iB,  the  forward  edge  of  the  scale  of  heights  i>i^'  is 
exactly  in  the  vertiiial  plane  pa^jsiiig  through  the  horizontal  axis  of  the 
telescope.  If,  therefore,  the  projetttion  angle  !■;  |ius)ied  forward  until 
the  scale  of  heights  meets  the  contact  edge  ol'  the  vernier  a,  the  hori  - 
zontal  projection  of  the  distance  between  the  axis  of  the  vernier  a  and 
the  horizontal  axis  of  the  telescope  may  be  read  directly  from  the  ver- 
nier c,  and  the  vertical  pn»Jection  of  this  distance  appears  on  the  scale 
of  heights  as  tlie  ditterpnce  of  tlie  verniers  a  and  d. 

Bbc.  3.  In  order  to  explain  the  tlicory  and  use  of  this  projection  ap- 
paratus, let  us  imagine  two  straight  rules  lying  in  a  vertical  plane  and 
capable  of  rotation  about  a  common  jioint  0  (fig.  c),  the  upper  edge 
AA  of  the  one  being  directed  by  a  sighting  arrinigemeni.\.-wi».wi.-s^s^s*. 
P,  to  be  determined,  while  the  upper  edge  BB  of  the  oW««">; 
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ill  lioiizontal  ixiBitiou  by  a  level.  Then  if  the  leiiRth  Oa  eorresiwudu 
ill  any  known  n'lation  (re<liii-Ml  wnle)  t«  tlw  ilistaiict.-  OP,  and  if,  fiir- 
tlier,  CD£  be  a  right  aii;,'le  (priiJM-tioii  suikIo)  inovalile  upoa  BB^  theo 


0]>  18  evidently  equal  to  the  horizontal  projection  and  AD  to  the  ver- 
tical projection  of  Oa  and  only  the  anaiiKeiiient  of  suitable  gnwiuationa 
is  necessary  in  order  to  be  able  to  read  these  values  directly  with  sat- 
isfactory exactness. 

If  the  second  rule,  while  still  in  the  vertical  ]ilane  of  the  first,  instead 
of  remaiuiug  at  liB  is  brought  into  any  desiieil  i>osit4oa  paittllel  to  BB, 
as  iJ,Bi,  ne  still  preserve  (with  a  coireNpondingly  lengthened  projec- 
tion angle)  the  horizontal  and  vertical  pntjections  of  Oa,  for  Crom  the 
resulting  parallelogram,  (>/>=0|/Ji  and  »l)=ttlh—DDi=aDr—OOi. 

The  distance  00,=I)J>i  only  wmes  into  consideration  in  vertical 
projection,  and  always  as  a  constant  correction,  the  subtraction  of 
which  can  be  mechanically  performed,  it'  this  distance,  the  relative  height 
of  the  i>oiiit  of  rotation  0,  is  marked  (»n  the  projection  angle. 

If,  lor  example,  the  zero  point  of  the  graduation  upon  the  projection 
angle  stands  at  the  same  height  as  tint  ]>oiiit  O,  then  the  former  also 
corresi>onds  with  the  point  I);  and  l>ii  (in  the  same  way  the  relative 
height  of  the  point  P  sighted  up(ni)  can  be  read  directly  from  the 
graduation  in  eorresiwndiunly  reduced  scah'. 

Sec-  i.  If  we  add  the  reliitive  lieifflit  of  7*  to  the  absolute  height  of 
the  ])oiut  0,  referred  to  any  liori/ontal  i>lanc,  we  shall  obtain  the  abso- 
lute height  of  the  point  /'.  But  this  addition  is  not  obtained  by  com- 
putation but  by  mci^haniciil  ujcans,  assi;,'iiing  to  the  ]H>int  0  the  abso- 
lute height  of  the  station.  Then  the  |>otiit  />  on  the  scale  of  heights 
corresponds  to  the  absolute  height  of  tlie  station  ami  by  i-ciuling  olf  at 
d,  the  addition  of /M  is  accomplished  without  separatee  manipidatioii, 
and  therefore  the  absolute  height  of  /'  is  obtained.  Hence  it  does  not 
enter  iutji  consideration  whether  J'  lies  above  or  behiw  the  horizon,  for 
in  the  latter  case  a  snbtniction  of  the  ntlative  height  follows,  as  is 
easily  indicated  by  a  cori'i^s|ionding  alteiatiou  of  the  Hgure. 

The  procedure  iic«!essiti'y  for  moving  tlie  s<'alu  of  heights  in  setting 
lor  the  absolute  height  of  the  station  is  given  in  section  2,  above. 
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Finally,  it  should  be  suggested  that  the  points  0  aiid  a  arii  understood 
to  represent  the  geometrical  axes  of  revolution  of  the  telescope  and  of 
the  vernier  a. 

Sec.  5.  In  the  use  of  a  tachymeter-theodolite,  whose  telescope  is  ar- 
ranged for  the  use  of  the  telemeter  and  with  the  rod  held  at  right  an- 
gles to  the  line  of  sight,  we  obtain,  as  is  well  known,  the  horizontal 
dista.nce  E  between  the  foot  of  the  roil  and  the  station  point  by  the 
formula, 

E  =  (C.L  +  c)  cos  or  +  <S.  sin  or  ....     (1) 

in  which,  L  is  the  interval  read  from  the  rod, 

C  is  the  constant  factor,  sis  100  or  200,  for  example, 
c  the  additive  constant,  e<iual  to  the  distance  from  the  center 
of  the  instrument  to  a  point  at  a  distance  in  front  of 
the  objective  equal  to  its  principal  focal  distance, 
a  the  angle  which  the  central  visual  ray  makes  with  the 

horizon, 
8  the  height  of  the  target  above  the  ground. 
It  will  now  be  shown  that  we  obtain  from  the  tachynieter  with  pro- 
jection apparatus  a  similar  graphical  derivation  of  this  formula  and 
the  process  by  which  it  is  found  will  be  given. 

The  addition  of  the  constant  c  to  the  product  OX,  which  is  easily 
obtained  from  the  rod-reading  and  set  otf  ui)on  the  scale  AA  by  means 
of  the  vernier  ft,  is  accomplished  always  in  a  mecthanical  way  if  the 
vernier  b  is  so  corrected,  once  for  all,  that  it  reads  — c  when  the  contact 
edge  and  axis  of  revolution  of  the  vernier  a  lie  in  one  vertical  plane 
with  the  horizontal  axis  of  the  telescope. 

Then  also  in  the  corresponding  position  of  thQ  projection  angle  the 
vernier  c  stands  at  zero  upon  the  lower  scale,  from  which  the  reading 
of  the  horizontal  projection  is  taken,  while  in  any  inclined  position  of 
the  telescope  one  will  read  a  horizontal  distancje  which  is  greater  by 
c  cos  a  than  would  be  the  case  without  this  correction.    The  actual 

amount  of  this  correction  must  evidently  be  equal  to  -,  if  n  denotes  the 

reduced  proportion  of  the  scale. 

Sec.  6.  In  order  also  to  bring  the  term  8.  sin  a  into  cfilculation  by 
mechanical  means,  the  axis  of  rotation  of  the  vernier  a  is  so  ar- 
ranged that  in  the  horizontal  position  of  the  telescope  it  lies  below 

the  horizontal  axis  of  the  telescope  at  a  distance  equal  to  * .      If   this 

n 

condition  is  satisfied,  not  only  is  the  term  8.  sin  a  brought  into  con- 
sideration in  taking  off  the  projection,  but  we  also  obtain  the  height 
of  the  distiint  i)oint  compared  to  that  of  the  station,  correctly  within 
the  limit  J^8  (where  J  is  the  height  of  instrument  above  grovs^^^^^jcs^ 
8  that  of  the  target). 
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Figim'  d  Hervns  jis  it  dniionstiiitiDii,  iuid  in  this  fi(ruri-. 
r     ilttiiotps  tliat  xi'i'o  piiirit  af  a  Ivlt'iiictrr  sil  /', 
O     <I<^ii<)h'rt  tlie  lioij/oiitiil  jixis  of  tli«  fflewiipis 
or  dcnoli's  tlic  line  lit' Ni;r),t  (detiTiijiitiHl  by  the  middle  wire)  to 
whit'h  tlie  telemeter  is  held  pcrpendii-ular, 


a     denotes  tlu^  angle  of  im-liiialioa  uf  this  Uitu  of  atglit  to  the 
liori/.oii,  iiiid 

tleiiofcK  tlie  ri'diK-cd  FU'idu  of  the  divisions  on  the  rules  ; 
n 
fmlliev  let 

00[  =  J=  the  height  of  iiisfnimeTit,  t.  c,  the  vwtieul  distance  from 

llic  axis  iif  liie  teleseope  t<o  the  gixnmd. 
/•  r  =  OOi  =  N  =  tin*  height  of  the  signal,  *'.  <■.,  the  dist-aiice  from  tlitJ 
l<H)ti>f  the  rod  toit.s  -/.ero  iHiitit, 


Oa  = 


OV 
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If  we  now  clniw  aa  at  right  angles  to  O  T,  and  also  make  ct/f-^  =  Ok  = 
Oi  =     ,  ka  will  re])resent  the  line,  parallel  to  the  line  of  sight,  in  which 

the  point  of  rotation  of  the  vernier  a  (se(;tion  1,  illustration  No.  32) 
moves  when  the  slide  is  moved  aU)ng  the  rule.     When  the  distance  is 
zero  and  the  line  of  sight  horizontal,  this  point  of  rotation  of  the  ver- 
nier falls  upon  I. 
For  the  distanee  on  the  slope,  0\\  the  setting  of  the  vernier  h  (sec 

O  V 
tion  1,  illustration  No.  32)  to         =  Avii  gives  on  the  rule  A  A  the  i>oint 

a\  and  the  distanee  Oax  nuist  evidently,  from  the  similarity  of  the  tri- 

OP 

angles  Oa^a  and  OPT',  he  e^nial  to   - —    If    now    Oai   be    proie(!ted 

n 

upon  the  horizontal,  we  obtain  the  length. 

OOi  =  ia^  =  Oei  +  Cxa-i  =  On,  eos  a  +  aa^  sin  tx  =        .  cos  a  ■\'  —  ,  siu  a 

n  n 

=  ^  f  ((\  L  +  c)  cos  a  -4-  S.  sin  rr  ^:=  ^  E 

By  this  process  then  we  obtain  tin*  horizontal  ])rqjeetion  of  the  dis- 
tance OPj  in  the  rednec^d  s(*ale  iMl()i)ted,  corresponding  to  the  formula 
(1),  section  5. 

Sec.  7.  The  difference  of  height  between  O,  and  /Ms  PPy  =  H.  If 
we  suppose  that  in  Fjg.  d^  OOi  =  VP  =  S  and  that  the  connecting 
right  lines  ia,  and  OJMire  drawn,  then  the  figures  0/a,a  and  OO^PV 
are  similar,  whence   it  follows  that  Utx  is    parallel  to  OiP  and  that 

n 
Further,  it  ai)i)ears  from  the  similarity  of  tlie  triangles  mi  (i^  and 

O'iPPi^  that  (hih  =       1^I\  ;  that  is  to  say,  from  the  vertical  projection 

of  the  point  (tx  we  obtain  in  ax(h  the  reduced  measure*  of  PPi. 

If  this  be  (converted  int4)  the  natural  scah^  and  if  J— IS  be  added 
thereto,  we  then  obtain  the  difference  of  height  between  0|  and  P; 

If  =  PP.,  -  P,7>,  =  PP,  -  (S  -  J)  =  PP,  +  (J  -  8) 

But  the  addition  of  \I  —  S  can  also  be  miule  in  a  mechanical  way 
upon  tin*,  instrument,  as  h>ng  as  one  works  with  a  <*(mstant  height  of 
instniment. 

If  one  takes  the  height  of  instrument  equal  to  that  of  the  signal 
(the  height  of  the  zero  point  of  the  rod),  which  always  amounts  to 
1*5'",  then  J  ~  S  =  0,  and  this  correction  is  in  general  unnecessary. 
If,  however,  the  height  of  instrument  is  not  equal  to  that  of  the  signal, 
then  we  bring  the  differenced  — /S  into  account  by  so  moving  the  vernier 
d,  when  the  telescope  is  horizontal,  that  its  reading  upon  tX^s^  >ftKa^»s^^2^ 
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heights  (litters  from  the  veriiiea'  a  by  '        '  *    With  a  uegutive  value  for 

n 

the  vernier  d  iinist  be  iiiove<l  up  and  with  a  positive  value  it 

must  be  moved  down. 

The  vernier  d  is  attjiehed  to  the  projection  angle  by  two  small  screws 
passing  through  elongated  slots  so  that  it  may  be  moved  in  a  vertical 
direction,  if  the  screws  are  loosened  a  little. 

If,  for  example,  the  assumed  instrument  lieight  of  1*^^  were  too  great^ 
on  account  of  an  observer's  smaller  stature,  and  were  reduced  to  1*26% 
conse(|uently  J  —  /S'  =  —  0'25"',  and  the  vernier  d  must  be  moved  up 

0.25mm  if  ^,=1000,  and  thence  -^^  =  -  0-25«""». 

If,  then,  the  scale  of  heights  be  set  for  the  height  of  the  particular 
station  by  the  vernier  rf  and  the  height  of  the  observed  point  be  read 
from  the  vernier  a,  the  latter  value  will  be  smaller  by  0«25'"",  (corre- 
sponding on  the  scale  used  to  0'25"'),  than  would  have  been  the  case 
without  this  correction.  Sliould  it  for  any  reason  be  impracticable  to 
work  with  a  constant  height  of  instrument,  the  difference  J—Sy  which 
for  any  one  station  is  a  constant,  could  be  allowed  for  in  setting  the 
scale  of  heights  to  the  al)solute  height  of  the  station. 

If,  for  example,  the  height  of  the  station  is  254'0'"  and  the  height  of 
instrument  is  1  -3'",  then  J  —  S  =  1  -S'"  —  1-5'"  =  -  0-2'"  and  therefore  the 
height  assigned  to  the  instrument  in  setting  the  scale  of  heights  is 
254-4:™.  If  one  prefers  not  to  use  this  method,  the  difference  J  —  Sis 
to  be  added  algebraically  in  the  usual  way  to  the  height  of  the  observed 
point,  read  from  tin*  vernier  a. 

Sec.  8.  (Superseded  by  the  addendum  given  in  the  regular  order,  but 
translatcMl  here  for  comparison.) 

It  folh)Ws,  from  the  descri])tion  and  theory,  that  the  use  of  the  pro- 
jection apparatus  (consists  simply  in  this,  that  the  slide  with  the  ver- 
nier h  is  set  at  tlie  graduation  corresponding  to  the  distance  read  off, 
then  the  projection  angle  is  pushed  against  the  vernier  «,  when  the 
height  and  distance  horizontally  of  the  iH)int  sighted  uiK>n  are  read 
from  the  verniers  a  and  c,  r(»spe(;tively. 

If  one  has  read  a  distjince  on  the  rod  for  which  the  graduation  of  the 
scale  is  insuflicient,  one  divides  the  distance  into  two  parts,  reads  the 
height  and  horizontal  projection  for  each  ))art,  and  adds  these  together. 
For  example,  if  the  distiince  read  is  287-3'"  =  2()0«»  -4-  ST-S*",  we  set 
ott*,  first,  upon  the  upper  rule  200"',  read  the  corresponding  height  and 
horizontal  distance,  then  set  off  87'3'"  upon  the  upi)er  rule,  read  also 
the  height  and  horizontal  distance  corresponding  to  this  distance,  and 
add  the  numbers  so  obtained,  and  thus  obtain  the  coordinates  of  the 
point  sighted  at.  A  consideration  of  Fig.  e,  in  wldch  D,  Hy  E  denote 
the  entire  incline*!  distance,  the  height  and  the  horizontal  projection. 
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and  rfi,  dt,  k„  Aj,  c,,  rj,  donolo  the  C()rro«]ioii<liiiK  partial  di»tan(M»4  autl 
lieightB,  re8i)ectively,  will  atoHCC  show  the  correctnesH  of  the  rule. 


Sec.  0,  III  cases  wlieie  it  in  not  j>ra<^tictibh^  t<>  hohl  the  nxl  at  right 
aoglen  to  the  line  of  sight,  it  may  he  held  vertically.  Theu  the  ineliiieil 
distance  in  retul  uk  usual,  net  olt*  upon  the  ujiixtr  rule,  the  coiTCJ!))oi)diiig 
horizoatal  projection  read  oft',  this  last  distance  set  oft'  once  nioro  upon 
the  upper  rule  and  projeL-tfid  the  secx>nd  time,  and  we  then  obtain  the 
tlesired  horizontal  projection  of  the  point  sighted  nt)on.  If  in  the  verti- 
cal itosition  of  the  i'o<l  the  inclined  distance  was  found  equid  to  />,  then 
its  horii'^ntal  projection  is  evidently  E  =  D.  cos*  a. 

But  one  obtains  exactly  the  same  result  by  the  double  prqjection. 


In  Fig./,  let  <hi  =  ^\  then  Oh  =  Oc 


.J>.. 


,  the 


irst  jirojection 


Exactly  in  the  same  \va; 
with  the  tbnn  given  above. 


rr,  whh-li  agrees 


riu,/. 

Note. — Sections  S  and  '■>  of  this  treatise  have  been  supersetV^s*^"^"*"*^* 
following  addendum: 
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COMMUNICATION    FOR    THOSE    USING    TllK    WAGNER-FENNEL 
TAOHYMETER   AND   TA<^IlYGRAPHOMETEE. 

Cassel,  May  itf,  1890, 
Otto  Fennel, 

Mathematical  and  Mechanical  In^titnt^^  CasHcl : 
In  the  treatise,  ^*I>ie  Wiij^iier-Foiiiiel'srlien  TjM'hymet^jr  (ies  Mathiv 
inatischen  MerhaiiiKclieii  Iiistitntes  von  Ott^^  Fennel,  in  Cassel,  1880," 
tliere  are  in  sections  8  and  9  some  inaceunK'ies  ci)ncernin^  the  usti!  of 
t lie  Tachymeter  at  distances  over.  2(K)  met4»rs  and  in  tLe  use  of  the  rod 
held  verti(;ally.  It  is  therefore  nec^essary  in  these  eases  to  pro<!eed  witli 
the  survey  n/>f  as  stated  in  sections  8  and  9,  hut  according  to  the  foUow- 
\ng  rule.  The  detailed  pr(H»f  of  this  rule,  as  well  a**  a  new  demonstra- 
tion of  the  theory  of  the  projection  apparatus,  will  shortly  be  mailc 
known  in  Appendix  II: 

I. 

In  order  to  project  a  distance  which  is  greater  than  2(M)  metres  and 
less  than  400  metres,  one  sets  off  upon  the  telescope  rule  the  half  of 
this  distance,  reads  oft'  the  <;orresi)ondiiig  horizontal  and  vertical  i)ro- 
jections  Ei  and  Hsj  doubles  them,  set^  at  zero  on  the  U^lescope  ruU% 
reads  once  more  the  corresponding  liorizontal  and  vertical  projections 
Ci  and  hij  and  subtra<;ts  the  same  from  the  values  2Ei  and  2jffi. 

Example, 

Height  of  station=47*8in.  :  z=()'lm.  :  Ar=47*7m. 

r  Upi)er  wire  at  the  zero  point, 
liod  readings  }  Middle  wire  at  1*8;^6  (check  rea<ling). 

(  Lower  wire  at  ,^r>73  x  i  =  l-8;W>r). 
Setting  on  the  telescope  rule  =  half  distance  =  18^G5m. 


Horizoutal  projection. 

JtJi  =  181-45 

2    A',  =  m2-9() 

—  e,  =  —0-85 

E  =362-05 

True  liorizontal  distaneo. 


Vertiral  projection. 

Hi  =     52-10 

2    J/,  r=    l(U-20 

—   A,  =—47-80 

//  =     56-40 

True  ditterenee  of  elevation. 


II 

If  one  has  observe^l  upon  the  rod  hehl  vertically,  he  obtains  the  hor- 
izontal and  vertical  projections  of  the  distance  by  setting  off  the  ob- 
served rod-reiuling  upon  the  scale  attached  to  the  telesc-ope,  by  read- 
ing its  horizontal  projection  Ei^  by  setting  off  this  reading  again  uiH>n 
the  telescope  scale,  and  by  reading  «»ft*  the  c^)r responding  horizontsU 
])rojecti(m  Mi  and  vertical  projection  //...  Next  one  sets  at  zero  on  the 
telescope  scale,  reads  off  the  horizont^il  ]>rojection  ('i,  subtracts  there 
from  the  additive  constant  c,  sets  off  Ci  —  c  upon  the  telescope  scalei 
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and  teada  tbt-  coriftSiKnnlinj^  horizontal  itrojectioii  Ci  aw\  vertical  pro- 
jection hi.  Now  one  Hubti'acts  e^  from  Tit  and  hi  from  Hi,  aud  adds  to 
the  1att«r  vuliie  tlie  reduced  lietglit  of  utatiou,  Ar. 

Kiiimi>l4-. 

c  =  0-5  lit  tor  all  WaRiier-FoKiH-I  tiKiliynn-lcis 

Height  of  stjitioii  =  A  =  r,i-lirmi :  :  =<l(»ii  :  A  —  z  ^  rtUM. 

w.  ■       t  UuiKT  wire,  zrm, 

Rod  ri.«h„g  ,  ,^,^,.,,,,  ^..^.^   |,-^„ 

Setting  on  tiif  ti'l«'sco])e  sc«lti  =  17:i-!)  m. 

llorizoutiil  prdji-rtioii.  Vcrtii'iii  iirnjoftimi. 

K, -.  iKyli.-,  II2-r-       \fti-K, 

K:  =-                lrt8-7r.  —h-i^         r.l-70 

f,-      Hh-i  +{.1-!)'-    +5I'B0 

f,  -  r  ^      0-55  

—  t-  -^               —  l-M  Trim  height  iT  ^-  4  i(«-a5 

True  hnrizonliil  (liHtiiii™  /?  =.  I."i7-S"> 

Apj>endix containing  t1ic  denvation  of  tlic  formula  assumed  an  known 
in  sections  5  aud  H. 

Sec.  .'J;t.  The  lUstauce-ineasuriiig  telcacoiws  of  the  Wagnoi-Feunel 
taehjniietei'S  do  not  difl'er  materially  from  those  commonly  employed  in 
geodetic  inotrnmeiits,  except  that  the  diaphragm  carries,  besides  the 
tisnal  (-ross  hairs,  two  additional  parallel  liorizuut-al  wires  (disbtnce 
tines],  one  above  aud  one  below  the  central  horizontal  lino,  and  at  c<iual 
distances  from  it. 


Ill  FiK.  g- 
A  is  the  eyepiece; 

/(,  the  objective  of  a  tachymetcr  telescope; 
/,  the  fo*al  length  of  tbisobjwtivc; 

t  =  qr,  the  portion  of  the  plane  of  the  image  incliide<l  be.v«^»asi.  ■Oq*. 
two  distance  wires: 


73R  r.  s.  roAST  and  f;f:oi)ETic  survey. 

A,  the  portion  of  a  toloinotor  wliirli  is  intorrf^ptcMlhetwoen  the    two 
pianos  of  rays  7  /  and  r  s  iiassin*^  tlir(Mi«;h  tlu»  distance  wires,  and  fur 
tlier; 

ff,  tin*  distan<*o  cil'tlic  tolonirler  t'nini  tin*  ohjo<!tivo; 

//,  tlnMlistanci*.  oftlie  inia^rc  tVoni  tin;  ol)j«M'tive,  ami  ronsoqiiently 

</  =  r, ^'^ 

A<*(!onlin;^  in  a  t'lindaiiHMital  «Mjnatioii  ot  optics  we  liavo  also 

J5y  moans  «if  tln'M'  two  oiinations  tin*  drsirod  distanoo  f/  may  be  de- 
dnrod  tVoni  L,  /,  and/,  which  aro  as>nniod  to  hv  known,  in  the  follow- 
ing; mannor: 

From   onnation   tl)     =', 

ir  wii  snbstitute  tliis  vahio  in  oipiation  rL*i  \\r  have 

I       LJ 
(!^  (lA    f 

Multiplyiiifj  Imtli  sides  l»y  (i.l';\\\i\  liaiis|Misiii}j.  this  I>ei*oiiies 

''■=./■+  •/  •  / (3) 

Tin'  vaino  •  ,  hy  whirli  the  paii   of  the  rod  appoarin*::  hotwoen  the 

win»s  is  tn  he  nnilriplied,  furms  the  sn-called  nndti])lieatitm  oonstaiit, 
whieh  is  hereafter  denotrd  liy  (',  and  hy  tho  introduetion  of  which 
eqiiati(»n  (3)  takostlio  folhiwin^  form: 

(i  =  r .  L+/ (4) 

in  whi«-h  (r  drn«)tes  the  distanee  of  tho  rful  from  theohjeetive. 

In  order  now  to  ohtain  thr  distanee  from  the  eeiiter  of  the  instrument 
to  the  rod,  horeafter  denote<l  hy  7>,  the  distanee  /  from  the  horizontal 
axis  of  tho  teIes<'opi'  to  the  objoetivo  is  tn  he  added  to  every  distanoe. 
Equation  (I)  thi'ii  h(*rom<'s 

n=r.  /.+/+/ (5) 

Tiio  amonnt./'+t  donotos  tho  distanee  of  tho  forward  prineiiml  foeus 
of  Iho  ohjrrtivo  fnnn  tho  center  of  tho  instrument,  the  so-called  adili-* 
tion  constant,  wliieh  is;;enorally  chMiotod  hy  r.  If  we  intro<lu<*e  this 
value  in  equation  (5)  it  jjoeomos 

7>=('.  L  +  r («) 

Skc.  .'U.  Wo  have  next  to  invostijirato  the  method  by  which,  with 
the  Hno  of  sij^ht  ino.linod  to  tho  liori/on  and  with  the  telemeter  held  at 
ri^ht  anjih's  to  tiie  line*  of  si;i:ht.  we  ohtain  the  horizontal  projection  E 
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of  the  distance  on  the  slope  from  the  centre  of  tlie  station  to  the  foot 
of  the  rod.     For  thia  we  use  Fig.  h,  in  wliich 

0  denoteH  the  center  of  the  inHtmmeiit; 

ythe  zero  point  of  the  telemeter; 

P  the  foot  of  the  »ame; 

L  the  space  on.  the  rod  intercepted  between  the  distance  wires,  and 
a  the  angle  of  incliuation  which  the  eetitnil  ray  0  V  makes  with  the 
horizon. 


If  ill  addition  we  call  tlie  hori/ontal  projections  of  the  points  O,  V, 
and  I',  respectively,  Oj,  V^,  V,,  and  Pi,  and  the  distance  from  tlie  zero 
point  to  the  foot  of  the  rod  fi,  the  desiifd  distance  O,  i*,  is  easily 
obtitincd,  as  follows,  from  equation  (1)  of  section  33: 


0  y  -- 


and  therefore 


f.  h  +  f 

:  (r.  /,  +  ,. 


Adding  thest!  lust  two  e<iuati(jns  and  riiTisideriiiR  that 

o  \\  +  r,  r  =  0, 1',  =  E, 


}J  =  (C.  L  +  c)  i-oB  >,  +  K  mi  t»  .     .    .    (!l) 

This  is  the  formnla  gi%eu  in  tlie  beginning  of  sectiini  ;t.  iv\*a\v ^^i^sv^ 
is  baaed  the  discussion  in  sections  '>  and  li. 

H.  Kx.  43,  pt.  2 17 
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Iti  ftectiou  i)  we  have  discusBed  the  case  where  the  condition  of  the 
gi-oiuid  oonstmiiiH  ua  to  depiirt  from  the  ruHtomury  positiozi  of  the  rod 
at  right  iiiiglcs  to  the  liiiu  of  sight  and  to  hold  it  vertii-al. 

Thiscn«eiH8hiiwninFig.  t,  in  which  0,  0\,  V,  P,  P,,  L,8  t,  have  the 
meaiiingi4  already  assigned  them  ia  ftectioDS  33  aud  34. 


8  t  =  L.  cos  a 
and  tlierefoip 

O  r=  C.  7<.  «os»  +  (■ (10) 

or  approxiniati'ly 

O  r  =  (C.  L  +  (■)  cos  a (11) 

(With  c  =  0-5  m.  and  n  =  H>'>.  thu  diH'erptice  between  formulas  (10) 
and  (11)  amounts  to  d-mr,  m.,  with  «  =  25^  to  0-045  in.,  with  «  =  45^ 
to  014.1  m). 

If,  as  in  equation  (0)  of  sei'tion  3.[,  wo  denote  thi'-  factor  {C.  L  +  <■) 
by  D,  eiptatioii  (11)  iissuines  the  form 

O  y  =  JKiOi*u (ILM 

If  Hi>w  we  once  more  denote  liy  ^the  liori/.ontal  i»rojei-tion  O,  Z*,  of 
0  r,  we  obtain 

U  =  O  V.  cos  o 
^  IK  .-OS'  « 
as  the  I'ornniln.  The  ^ra]>hiea]  demonstration  of  wlii.  Ii  by  the  projoetiou 
apiiaratns  was  e\))hnned  in  section  0. 
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DBSCRIPTION  OF    THE     TACHYMETER    WITH     REPEATING    CIRCLE. — 

(Tachymeter-theodolite. ) 

Sec.  10,  The  construction  of  the  tachymeter  with  repeating  circle  is 
shown  in  a  general  way  in  illustration  No.  32,  The  telescope  is  of  35 
centimetres  focal  length  and  has  a  magnifying  i>ower  of  31.  It  has 
cylindrical  pivots  resting  in  Y-^liaped  bearings,  can  be  easily  moved 
and  reverses  by  the  eye  end.  The  covers  of  the  bearings  have  openings 
so  arranged  that  a  striding  level  can  be  placed  upon  the  pivots,  for 
the  horizontal  a^ustment  of  the  telescope  axis.  In  order  to  bo  able 
also  to  take  exact  levels,  a  reversion  level  is  attiiched  to  the  telescope. 

The  reticule  for  telemetric  measurements  is  of  peculiar  construction 
and  so  arranged  that  either  of  the  two  outer  wires  may  be  brought  up 
to  the  middle  wire. 

The  horizontal  circle,  of  15*5  centimetres  diameter  at  the  inner  edge 
of  the  limb,  is  provided  with  a  cover,  in  ortler  to  perfectly  i)rotect  the 
graduation  Irom  defacement  and  from  flying  dust.  The  openings  for 
the  verniers  are  covered  with  glass  plates.  The  graduation  is  made, 
as  desired,  either  sexagesimal  (360^)  to  20',  with  verniers  rea<ling  to 
30";  or  centesimal  (400^)  to  50',  with  verniers  reading  to  1'.  The  axes 
are  of  the  most  perfect  construction.  The  clamps  act  on  the  center 
without  touching  the  circle  or  the  alidade  and  the  slow  motion  is  given 
by  fine-threaded  screws,  working  against  springs.  The  castings  are  all 
large  and  ribbed,  in  order  to  obtain  the  greatest  stiffness  combined 
with  moderate  weight.  The  fastening  of  the  instruments  to  the  stands 
is  by  means  of  screw  bolts.  The  stands  are  of  a  special,  new  (!onstruc- 
tion.  The  tripod  head  consists  of  a  single  bronze  casting  and  is  there- 
fore of  the  greatest  durability,  while  the  legs  are  made  of  the  best  tough 
ash.  These  stands  considerably  surpass  in  stability  those  earlier  used, 
without  having  a  greater  weight.  The  fastening  of  these  instruments 
in  their  boxes  is  so  secure  that  the*  longest  and  most  s<»vere  transporta,- 
tion  has  no  ba<l  effect  upon  tliein. 

DESCRIPTION   OF   THE   TAOHYMETER-COMPASS. 

Sec.  18.  The  tachymeter,  for  the  measurement  of  horizontal  angles  by 
comjiass,  is  in  its  upper  construction  almost  exa(!tly  like  the  one  pre- 
viously described;  only  the  bearings  of  the  telescope  axis  are  different. 
These  have  pivots  shaped  like  double  cones,  which  lie  in  bearings 
closed  by  solid  covers  and  therefore  can  not  be  taken  out  of  the  bear- 
ings. 

The  comi)asshas  a  needle  11.5  centimetres  l<mg  and  the  circle  is  di. 
vided  to  half  degrees.  The  north  and  south  line  is  i>arallel  to  the  i)lane 
in  which  the  telescope  moves.  Upon  the  compass  plate  are  fastened 
at  right  angles  to  ea<!h  other  the  two  tubular  levels  (cross  levels),  of 
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which  one  1168  parallel  and  the  other  at  right  angles  to  the  axis  of  the 
telescope.  The  constrnction  of  the  base  and  the  manner  of  attachment 
to  the  tripod  are  a8  usual. 

DESCRIPTION     OF    THE    TAOHYBCBTER    WITH    THE    PLANS  TABLE. — 

(Tachygraphometer.) 

Sec.  20.  The  general  construction  of  this  instrument  is  shown  in 
illustration  No.  «i3.  The  telescoix)  transits  between  the  standards;  is 
of  35  centimetres  focal  lougth;  magnifies  thirty-one  times,  and  has 
double  coiie-shai)ed  pivots  resting  in  bearings  closed  by  solid  covers. 

In  order  to  be  able  to  undertake  exact  leveling  the  telescope  is  pro- 
vided with  a  reversion  level.  The  eyepiece  micrometer  is  of  a  peculiar 
form  and  so  arranged  that  either  of  the  two  outer  wires  can  be  brought  . 
into  contact  with  the  middle  wire.  The  instrument  is  furnished  with 
two  riding  levels,  one  of  wliich  is  arranged  for  placing  upon  the  tele- 
scope, the  other  upon  the?  rules.  The  telescoi)e  standard  is  fastened  to 
the  footplate,  which  corresponds  to  tlu5  rule  of  the  ordinary  alidade. 

In  order  to  facilitate  the  motion  of  the  alidade  upon  the  plane  table^ 
the  footplate  is  provided  with  three  relieving  rollers. 

They  stand  with  their  axes  radial  to  the  axis  of  rotation  of  the 
alidade  (which  will  l>e  further  mentioned  in  section  22)  and  can  by  means 
of  vertical  set  screws  be  moved  so  much  lower  that  they  project  some 
millimetres  below  the  under  surface  of  the  footplate,  for  which  pur- 
pose there  are  corresponding  openings  in  the  latter.  The  rollers  not 
only  facilitate  the  horizontal  motion  of  the  alidade  upon  the  plane  table 
but  also  enable,  us  to  keep  the  alidiule  in  exactly  horizontal  position 
while  in  use,  without  th(».  necessity  of  using  for  that  purpose  the  level- 
ing screws  of  the  tfible,  in  the  employment  of  which  a  new  orienting 
of  the  table  would  generally  be  necessary.  One  of  the  relieving  rollers 
has  a  check  screw  atta(?hed  by  which  the  horizontal  rotation  of  the 
alidade  is  regulated,  t.  e.,  can  be  made  to  run  easier  or  harder. 

Sec.  21. — ^The  footplate  of  the  alidade  is  strengthened  along  its 
straight  side  by  a  flat  rib  mm  (Fig.  fc,)  upon  which  a  slide  can  be 
moved  parallel  to  the  scale  BB,  upon  which  the  i)rojection  angle  runs. 
To  this  slide  is  attached  at  g  a  slightly  projecting  vertical  socket,  in 
which  moves  a  little  cylinder  provided  at  its  lower  end  with  a  needle 
and  at  its  upper  end  with  a  knob,  which  cylinder  can  be  moved  up  and 
down  close  along  the  edge  of  the  footplate.  A  slight  pressure  of  the 
linger  serves  to  force  the  needle  down  and  to  mark  a  point  in  a  paper 
lying  beneath,  while  upon  the  removal  of  the  pressure  a  spiriU  spring 
coih'd  around  the  socket  lifts  the  needle  up  again. 

By  the  arm/,  the  slide  is  connected  with  the  projection  angle  and  it 
will  therefore  transfer  directly  upon  the  plane-t^ible,  in  a  mechanical 
way  and  by  means  of  the  needle  cylinder,  the  motions  of  the  projection 
angle,  which  correspond  in  the  proportion  shown  to  the  horizontal  dis- 
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tonce  of  the  iwiiit  observed,  without  its  being  necessary  to  first  read 
this  distance  from  the  vernier  o.    (Figs,  fc  ami  I.) 


Upon  the  flat  rib  m  there  is  a  sciih>  of  distances  and  upon  tlic  slide 
ate  is  fixed  a  vender,  wliicli  serves  for  iiiapiiiii^iiiease  t lie  slide  should 
be  used  indepeudeiitly  of  the  imijeetioii  angle,  for  which  purjiose  the 
arm/ean  then  be  riMuiived. 

This  case  occurs  when  it  ;i|i|ieiir.s  desirable  to  «;h(H)sp  the  scjile  of  the 
map  smaller  or  larjrcr  than  the  scale  to  wluch  the  pi-ojeetinn  apparatus 
is  adapted. 

Then  the  horiz-ontal  disran<-es  can  he  read  fn>in  tlie  vernier  c  and  can 
be  net  oft' in  corresponding  lednctioii  upon  tlie  griidnatiou  of  the  rib  hi 
by  the  vernier  c. 

In  the  iirdinary  use  of  the  insirniin-nt.  Imwever,  the  slide  reinains 
jouied  to  the  pi-ijiection  angle  and  tlie  gradnatimis  of  tlie  rale  !>  ^'^  '^i^mS^ 
of  the  vib  Ml  ut  <|ii  not  tlien  come  into  use. 
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Sk<;.  L'li.  Ill  onlcr  to  l»eal)l«^  tu  priictically  iiiaki'  use  <»f  tlip  iibnve  iiro- 
cvan  of  trmmforiiitiiir  Immoiitiil  iliKtaBoe  in  }n'!)i>liii'iil  deliueiitiou,  it  is, 
liou'evw,  iiifcssiiry,  in  tlie  livHt  pljife,  tliat  diinii^;  the  abs4'r\'atioiiH  tlie 
nlidixle  KLmild  turn  exiurtly  atmnt  tlie  stiitioii  {)t)iiit  markt'd  ii)>oii  the 
tiilile,  and  that,  si>i-i>iully,  the  iiot'dle  cylinder  Hliimhl  coincide  with  this 
station  point  when  the  vender  c  stands  at  Mio  ujion  the  scale  of  dis- 
tmice,  or.  if  mappiu);  niccliauically,  the  imijectidii  anRle  should  stand 
with  its  forward  eilye  in  the  iiriHhiced  axis  ot'tlH^  t('lesco]>e. 


Thi.s  is  accciDipIi»hed  by  the  aid  of  ii  sninll  <-entvi'inf;  lule  k  {Vin.  m), 
whoKe  circular  end  can  Iw  placed  over  any  desired  )Hiint  by  lueanaof  a 
little  hole  at  its  center.  In  the  straight  edt;e  of  the  ididiulc  rule  a  cir- 
cnlar  segment  is  eiit  ont,  the  radiuH  of  which  is  exactly  equal  to  the 
radiuB  of  the  outer  cireunifen'uee  of  the  end  of  the  centering  rule,  atid 
with  the  middle  imint  of  which  the  wewlle  of  the  cylinder  would  coin- 
cide ill  the  hefore-inenthined  position  of  the  slide. 

If  we  place  the  head  of  the  centenug  rule  exactly  in  the  oiteniitg  in 
the  ulidude  rule,  then  tlie  uiid<lle  jwint  of  the  oiK'ning  must  coincide  with 
the  middle  of  the  Hinall  hole,  and  in  order  to  satisfy  the  requirenieiits 
of  graphif!  dehneatum  it  is  only  nece.isary  to  nmve  both  partei  until 
the  station  niarketl  on  the  table  lies  in  the  iniddleof  the  pee)t  hole. 

Then  the  eent<-ring  rule  is  held  fust  with  tlie  riglit  hand,  whih-  the 
Ictt  hand  makes  the  neces.sary  rotation  of  thi^  alidade,  which  motinii  i» 
very  readily  accomphshed,  in  consequence  of  the  radial  arrangement, 
with  reference  to  the  center  of  rotution  of  the  relieving  roUeis  men- 
tioned in  section  'M. 

Sue.  23.  In  iihine-table  siirveys,  jis  is  well  known,  tlie  horizontal 
iiiigle-s  which  the.  lines  of  siglit  make  with  thi-  line  of  orient ii tie n  are 
transferred  <lirectly  fiiiiii  the  ground  to  the  map  fastened  niMin  the 
table;  yet  hen-tolore  it  was  ueeessiiry  to  plot  Iiorix.ontal  distiiirees, 
determined  in  any  manner,  by  couipuss  and  scale  ah>ng  the  straight 
edge  of  the  rule. 

But  with  the  above-deserilM'd  mapping  apparatus  tlie  latter  work  jh 
avoided,  an<l  hH  the  niappiii;;  is  accomjilished  in  a  purely  niechan- 
iciil  way  without  the  necessity  of  any  manipnhition  other  than  the 
pressing  down  of  the  needle  cy  iniler. 
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Tlie  coiici'iitric  setting  of  tbe  center  over  the  Rt^tiou  liaa  properly 
only  to  be  done  oiu-e  for  each  position  of  the  inatniinent,  while  with 
some  practice  it  is  ro  quickly  done  tlint  a  Areqaeiit  reiievral  of  the  set- 
ting is  not  a  matter  of  great  mauient. 

The  plotting  theiefore  without  detriment  to  a  more  than  Katisfactoiy 
exactness  takes  up  so  little  time  that  it  may  properly  be  regarded  as 
the  immediate  result  of  the  sarveyiiig  operatious. 

Sec.  24.  The  fustening  of  the  paper  to  the  plaue  table  might  be 
accomplished  in  the  usual  and  well-known  manner. 

But  since  in  land  surveys  for  the  purjiose  of  studying  locations  a 
long  and  narrow  zone  is  generally  to  be  considered,  two  rollers  are 
atta<'hed  below  the  plane  table  for  surveys  on  long  piecen  of  paper. 

In  order  fo  increase  the  a<laptabiUty  of  the  instrument,  it  is  so  ar- 
ranged that  the  alidade  can  be  fasteued  directly  npon  the  movement. 
For  this  puri>0H0  three  milled-head  screws  are  furnished  with  the 
instrument,  whirh  pass  through  a^ljusting  nuts  and  have  corresiwndiug 
hollow  threads  in  the  l)ase  of  the  alidade.    (Fig.  «.) 


Before  the  alidade  is  placed  u|ion  the  movement  and  the  tinee  above- 
described  screws  aie  tightened,  tlie  ivory  reheving  rollers  of  tlic  abdade 
should  be  screwed  up  high,  so  as  not  to  project  below  the  base  plate. 
Then  the  instrument  may  be  uwd  for  leveling,  as  well  as  for  angular 
measurements,  for  which  purposes  the  teh'SMropo  is  )irovided  with  a 
reversion  level,  aiul  the  movement  with  a  horizontiil  circle  whose  oi)i)o- 
site  verniers  read  to  single  minutes. 

The  limb  and  the  verniers  lio  in  one  plane  inclined  to  tlie  sight,  in 
onler  to  be  conveniently  read  in  any  iiosition  of  the  foot  plate. 


744  U.  8.  COAST  AND  GEODETIC  SURVEY. 

# 

Sec.  25.  The  use  of  the  instrument  is  sufficiently  obvious  hx>iii  what 
has  already  been  said,  but  the  following  will  be  repeated : 

The  setting  of  the  stiind  over  the  desired  point  on  the  ground,  and 
the  leveling  and  orienting  of  the  plane  table,  are  accomplished  accord- 
ing to  the  regular  niles  for  i)lane-table  work.  Then  the  height  of  the 
station  above  the  datum  plane  is  set  upon  the  scale  of  heights  of  the 
projection  angle,  the  relieving  rollers  sire  put  into  action,  without,  of 
course,  throwing  the  alidade  out  of  level,  and  finally  the  center  of 
motion  of  the  alidade  is  brought  by  means  of  the  centering  rule  over  the 
point  on  the  map  corresi>onding  to  the  station  on  the  ground. 

The  setting  of  the  tachygraphometer  is  now  complete  and  the  survey 
proper  can  be  pniceeded  with,  in  which  for  each  point  to  be  plotted  the 
following  mani]>ulations  are  to  be  followed  in  the  order  stated: 

(a)  The  telescojie  is  |M)inted  to  the  telemeter  held  at  the  desired  point 
and  the  distsince  (on  the  slope)  is  read  off. 

(b)  The  slide  upon  the  upper  rule  A  A  is  set  by  the  vernier  b  to  this 
distance. 

{€)  The  projection  angle  is  pushed  against  the  vernier  a. 

(d)  The  needle  rylinder  is  pressed  down,  and — 

(e)  By  means  of  the  vernier  a  the  height  of  the  distant  iK)int  is  read 
off  and  marked  at  the  i>oint  plotted  upon  the  map. 

Only  five  8e])arate  manipulations  are  therefore  necessary,  two  of 
whi(!h,  however  (c  and  d),  are  mere  motions  of  the  hand  and  therefore 
require  no  particular  attention. 

ON   HOLDING  THE    TELEMETER    AT   RKJHT   ANGLES  TO   THE  LINE   OF 

SKJHT. 

Sec.  32.  The  rods  wliieh  are  furnished  with  these  instruments  are  4-5 
metres  long  aind  are  graduated  on  both  sides.  One  side  is  arranged  for 
measuring  distances,  and  at  the  height  of  1*5  metres  it  has  a  special 
sighting  mark,  which  is  the  zero  point  of  tlie  scale.  The  other  side  is 
intended  for  leveling,  and  has,  therefore,  a  uniformly  continuous  gradu- 
ation and  numbering,  the  zero  point  of  which  coincides  with  the  foot  of 
the  rod.  For  convenience  of  transportation,  the  rod  slides  together  to 
a  length  of  l'7/>  mc^tres. 

Tliecorrectnessof  the  reading  of  distances  from  the  rod  held  at  right 
angles  to  the  lineof  sight  will  depend  ui>on  its  being  held  correctly  and 
steadily.  The  observer  can  readily  test  whether  the  rod  is  held  right, 
sin<*e  the  sighting-blocks,  whose  upper  (nlges  are  pointed  towards  the 
instruments,  are  painted  bla^'k  in  front,  and  white  above  and  below. 
(Fig.  o.)  In  thecorre<t  ]>o8ition  of  the  rod  the  observer  can  seeonlyblai*k 
surfaces,  but  if  the  rod  is  badly  held,  a  white  strip  will  be  seen  above  or 
below,  whose  width  will  correspond  with  the  amcmnt  of  error  in  holding 
the  rod.  In  this  wiiy  the  holding  of  the  rod  is  accurately  tested  when 
one  is  in  position  to  rend  the  distance. 
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Tlie  following  metlioil  uf  Hfttiug  tlie  nnX  lia-s  been  liiiiiril  cciuvi'iiieiit: 
First,  direct  oiiu  of  the  edg(»i  of  tliv  xiglitiug-liloek  iijioii  the  iiistru- 
iiicrit,  mill  then  Tiring  tlie  bubble  of  the 
trausverse  level  to  tlie  renter,  niiy  stliyht 
deviation  of  tlie  edge  uf  the  hloek  fntnt 
the  line  of  »iglit  being  tit  the  siime  time 
coirected. 

Ill  training  a  I'odiimn,  lie  should  be  i-e- 
(inired  t*» stand  exm-tly  beliiml  the  rw\  mid 
to  sight  directly  lit  theiiistniiiK-nt  nilliont 
twisting  bis  neck,  liis  eyes  being  id>oiit  10 
ori)<)eeiiliinetres  from  the  iiKJ  mid  liisiii'iiis 
e\tende<l  neaily  to  their  full  length.  In 
this  e\iu;t  selting  the  slight  iiiignliir  mo- 
tion iiweHHiity  for  bringing  tin-  level  hub 
ble  to  the  center  is  involniiliirJly  made 
Hliin-oxinialely  at  right  angles  to  the  line 
of  sight,  so  that  the  sighting  blcM-k  is  imt  ii< 
tram  the  line  of  sight. 

In  windy  weather  it  is  iiilvisabic  to  nsc  »  light  hraee  alHiiit  1.*  centi- 
metres in  diameter  and  l-TO  metres  long  us  u  hel|>.  This  is  jilantitl 
alK)nt  one-half  or  tliree  fonrtlis  of  it  metre  iVoin  the  iihI,  on  the  side 
oi>|H)site  llie  wind,  and  iiielined  so  tliat  the  n]>|ier  end  |i:[sses  beliiinl 
theliiuidle,  lowhtrli  il  is  lirmly  liehl  I'.ytlie  lingers,  the  tlinmli  holding 
the  brace.  While  selling  the  ro>l  in  |H>si1ioii  the  bnieo  is  hehl  hx.sely, 
and  is  biiiught  into  i>lay  only  when  the  iisl  has  been  eoneetly  |ilaeed. 
A  n)dnimi  who  is  iii>t  very  stnnij;'  slionhl  always  earry  sueli  a  stall', 
es]ieeially  as  it  <-anses  no  maleriitl  hiss  of  lime.  The  tikI  must  be  set 
eorri-^-tly  each  time  in  fi'om  three  to  live  seconds,  at  the  hmgest. 
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REOITCTIONS  UPON  DIFKKKKNT  SCALES. 
«  REDl'rTHlNS  FROM  THK  S(?ALK  OF  1-4W0. 

A  part  of  the  toim^raphical  survey  of  the  I^istiict  of  Oolanibia,  illus- 
trating the  |)ower  of  (liferent  s(;ales  for  the  delineation  of  topographical 
features,  is  shown  on  illustration  No.  34.  ('oiitonr  interval  of  the 
original  Disti'ict  of  Columbia  survey,  5  feet;  contour  interval  of  the 
reduetions,  20  feet;  reductions  made  under  the  direction  of  Assistant 
John  W.  Donn. 


